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Real Party Tn Interest 

The real party in interest is the assignee, Honeywell International Inc. (see Reel/Frame 
011616/0591, Recorded on May 30, 2001) 

Related Appeals and Interferences 

There are no other appeals or interferences in this matter known to appellant. 

Status of the Claims 

There are 60 claims in this case. 

Claims 19-60 are withdrawn from consideration pursuant to 37 CFR 1.142(b) as being 
drawn to nonelected inventions. Applicant timely traversed the restriction requirement in Paper 
No. 6. 

Claims 4-7, 1 0-12 and 1 5-17 are withdrawn from further consideration pursuant to 37 
CFR 1.142(b) as being drawn to nonelected species. Election was made without traverse in 
Paper No. 6. 

Claims 1 -3, 8-9, 1 3-14 and 1 8 are elected and was acknowledged by the Examiner in 
Paper No. 8. These claims are pending. 

STATUS OF AMENDMENTS 

There have been no amendments filed subsequent to final rejection in this matter. 
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Summary of the Invention 

This invention describes processes that produce thermoplastic articles which maintain 
their inherent mechanical properties and cost structure yet have a permanent outer surface that 
has selectively varied chemical functionality, (see Page 13, lines 28-31 and pages 14-17). The 
major benefit is to overcome inherent deficiencies in conventional articles related to: (1) article 
incompatibility with different composite matrices, (2) inadequate environmental stability (light, 
chemical, etc.), and (3) general surface-related end-use characteristics such as poor abrasion 
resistance, excessive friction, etc. The present invention describes the additives, the fiber-making 
process, and the resulting novel articles. (See the Background of the Invention Section, pages 1- 
7) 

The process involves: 

(a) adding a substantially organic molten component with CSP value of at least 8 to a 
molten thermoplastic polymer and mixing to substantially uniformly disperse the molten 
component in the molten thermoplastic polymer and form a heterogeneous blend wherein 

(i) the melt viscosity of the molten component is substantially less than the melt 
viscosity of the molten thermoplastic polymer; and 

(ii) the amount of the molten component in the molten thermoplastic polymer is 
up to about ten percent by weight based on the heterogeneous blend; and 

(b) melt processing the heterogeneous blend wherein the molten component 
preferentially locates near the surface of the molten thermoplastic polymer and 
substantially no chemical reaction occurs between the molten component and the molten 
thermoplastic polymer, (see Page 13, lines 28-31 and pages 14-17). 

The selection criteria for the molten component are fourfold: (1) the component has the 
sought-after characteristics desired for the article surface, (2) the component forms a well- 
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dispersed heterogeneous blend structure with the thermoplastic polymer matrix, (3) there is 
substantially no reaction between the component and base polymers during melt formation, and 
(4) the component's melt viscosity at the melt formation temperature is substantially lower than 
that for the base polymer. 
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ISSI IF, 

1. Whether claims 1-3 and 18 should have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Scharf (US 4,447,572) (Final Office Action 04/04/2003, page 2). 

(Grouping of Claims 

Claims 1-3, 8-9, 13-14 and 18 stand or fall together. 



5 



Bingham Docket No.: 7037592001-3001346 
Honeywell Docket No.: 30-4708 (4700) 

Argument 

ISSUE NO- 1 -§ini(A) REJECTION OF Cl AIMS 1-3 AND 1 8 

The Examiner has rejected claims 1-3 and 18 as being unpatentable over Scharf (US 
4,447,572). The Applicant respectfully disagrees. 

Previously amended claim 1 (See Response to the Restriction Requirement and 
Amendment Prior to Action on the Merits filed on February 7, 2001 by Margaret Millikin for 
correction of 0.8 value to 8) recites a process comprising the steps of: "( a ) adding a 
substantially organic molten component with CSP value of at least 8 to a molten thermoplastic 
polymer and mixing to substantially uniformly disperse the molten component in the molten 
thermoplastic polymer and form a heterogeneous blend wherein (i) the melt viscosity of the 
molten component is substantially less than the melt viscosity of the molten thermoplastic 
polymer; and (ii) the amount of the molten component in the molten thermoplastic polymer is up 
to about ten percent by weight based on the heterogeneous blend; and (b) melt processing the 
heterogeneous blend wherein the molten component preferentially locates near the surface 
of the molten thermoplastic polymer and substantially no chemical reaction occurs between 
the molten component and the molten thermoplastic polymer." (emphasis added) 

The Examiner should examine this claim as a whole. For example, in claim 1, the molten 
component comprises a CSP value of at least 8 and a melt processing step is included where 
the melt processing of the heterogeneous blend preferentially locates the molten component near 
the surface of the molten thermoplastic polymer and at the same time without a substantial 
chemical reaction between the molten component and the molten thermoplastic polymer. As will 
be discussed below, the Examiner only concentrated on the melt viscosity statements related to 
the conventional components listed in Scharf - where no ratio guidance was given - and made 
two rather general and erroneous conclusions that, based on the melt viscosity: a) there was no 
chemical reactions in Scharf and b) there would be sufficient migration of the polymer blend 
resin (without melt processing). From reviewing the Examiner's comments, it appears that the 
Examiner is using one facet of the Scharf patent - the melt viscosities - and then using that facet 



6 



Bingham Docket No.: 7037592001-3001346 
Honeywell Docket No.: 30-4708 (4700) 

in combination with the present application to render the present application obvious in view of 
Scharf, which would be an improper use of the present application as prior art. It is not clear to 
the Applicant that, after a fair reading Scharf in comparison with the art at the time the present 
invention was made, one of ordinary skill in the art of polymer chemistry could derive claim 1 of 
the present application from Scharf directly or upon routine experimentation, while including the 
following provisions: a) no chemical reaction, b) melt viscosities, c) rivet regions, d) CSP value 
of 8, and e) melt processing. These provisions along with the additional language in the present 
application and claims, when considered as a whole , renders the claims of the present application 
patentable despite the Scharf reference. 

It will be shown that the molten components contemplated in the present application are 
chemically different than the polymer blend resin/halogenated derivatives in Scharf and that the 
processing steps are actually different despite the conclusion that they appear to be the same or 
that one of ordinary skill in the art could arrive at the present application and claims solely based 
on a reading of the Scharf patent. Several specific provisions of the claims and present 
applications are broken out and discussed below for reconsideration by the Examiner and 
consideration by the Board. 

No Chemical Reaction 

The specification defines the phrase "substantially no chemical reaction occurs" to 
exclude copolymers such as those taught by commonly assigned European Patent 703,938 Bl 
and copolymers resulting from chemically bound sheath-core yarns such as taught by US Patent 
4,640,962. (see Specification page 14, lines 28-31). The Background Section, page 6, lines 7-16 
further define the concept of "substantially no chemical reaction" occurring by stating that 
"Example VII represents the closest art in US Patent 4,066,587 and it is outside this invention 
because the polyamide is not end-capped and hence will react with the polyester thereby lowering 
its viscosity and impeding movement of the additive to the fiber surface." The Detailed 
Description Section (pages 11-12) describe novel additives used in this application, whereby the 
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additives (molten components) are "end-capped" in order to ensure that substantially no chemical 
reaction occurs. 

Scharf teaches polyamides that are flame-retarded with a halogenated derivative and 
blended with a polymer blend resin being at least partially incompatible and having a lower melt 
viscosity than the polyamide, to improve the arc tracking resistance of the polyamide. Scharf 
teaches that the polymer blend resins useful in this invention are any blend resin which is at least 
partially incompatible (insoluble) i n t he s ubstrate p olyamide, a nd h ave a m elt v iscosity 1 ower 
than the substrate polyamide. (see Column 4, lines 40-68) Scharf goes on to list suitable 
polymer blend resins in Column 5 that consist of many of the polymers cited in the Admitted Art 
for the present application (see Background Section of the present application) - Art which has 
been clearly discussed and distinguished, especially in view of how the present application 
differs from this Admitted Art. In addition to the polymer blend resin, there are halogenated 
derivatives added to the resin that act as flameproofing agents. There is absolutely no teaching or 
suggestion in Scharf that the polymer resin blend and/or the flameproofing agents are provided 
such that there will be substantially no chemical reaction upon melt processing of the blend (see 
present application claim 1). Also, after a fair and detailed reading of Scharf, there is also no 
motivation to one of ordinary skill in the art of polymer chemistry to consider a possible reaction 
between the base polymer and the polymer blend resin/halogenated derivative in the formation of 
the polyamides of Scharf and/or to consider that if a reaction were to occur, that the reaction 
would be detrimental to the final product and/or article. 

The Examiner states that "The migration of the low viscosity component to the surface is 
evidence that substantially no chemical reaction occurs between the thermoplastic polymer and 
the low melt viscosity component of the reference." in Paper No. 8, page 2; however, this 
assumption is overly broad and highly general. What Scharf actually says is "It has been found 
that when such partially incompatible, lower melt viscosity, resins are blended with the 
polyamide, the component with the lower melt viscosity will migrate to the surface of the system 
under shear conditions." (see Scharf, Column 4, lines 57-61) This statement says several things: 
1) migrating to the surface is resin specific, where the resin comprises a halogenated derivative; 
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2) migrating to the surface is polyamide specific; 3) migrating to the surface of the polymer blend 
resins are both partially incompatible and have a lower melt viscosity; 4) migrating to the surface 
of the polymer blend resins require shear conditions; and 5) there is absolutely no discussion in 
the cited statement or in the entire reference that relates to the degree of chemical reaction 
between the polymer resin blends and the polyamide substrate. 

The low viscosity component in the Scharf reference acts as an insulator to the 
halogenated derivatives (see Column 4, lines 62-64), so it is unclear how much of the low 
viscosity component is actually migrating to the surface. In addition, since there is no discussion 
of utilizing end-capped and non-reactive low viscosity components, it is entirely possible that 
part of the low viscosity component is migrating to the surface, while another portion (one tail 
end, for example) may be reacting with the polyamide substrate. In that instance, the complete 
migration to the surface would be severely hindered. Therefore, again, there is no guidance by 
Scharf on the degree of migration or even if the low viscosity component is on the surface given 
the inclusion of the halogenated derivative that is the flame retardant. 

Since claim 1 is a process claim that includes that there is substantially no chemical 
reaction between the molten component and the molten thermoplastic component, Scharf cannot 
possible read on or render this claim unpatentable, because there is absolutely no teaching, 
suggestion or motivation to one of ordinary skill in the art to consider a chemical reaction (or 
lack thereof) when producing the polyamides disclosed in Scharf. 

Melt Viscosities 

The present application discloses that the melt viscosity of the molten component is 
substantially less than the melt viscosity of the molten thermoplastic polymer. On page 9, lines 
6-9 of the specification, "substantially lower" is specifically defined as the ratio of the base 
molten polymer to the molten additive at the melt processing temperature, where the ratio is at 
least about 1.5/1, preferably at least about 3/1 and most preferably at least about 10/1. 
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Scharf teaches in Column 4, lines 40-66 that the polymer blend resin must have a melt 
viscosity lower than the substrate polyamide. Scharf goes on to define melt viscosity as a 
measure of the resistance of the flow of a fluid. Scharf also gives an example in that same 
section that the component with the lower melt viscosity will migrate to the surface under search 
conditions. But, Scharf does not give any indication of the following: 

> How close to the surface will the polymer blend resin in 
Scharf migrate considering that the halogenated derivatives 
are also "fighting" for surface space on the article? 

> What will the degree of migration of the polymer blend 
resin to the surface be with respect to any gradient of 
polymer blend resin throughout the substrate polyamide? 

> What is a suitable melt viscosity ratio, as opposed to the 
general language that the polymer blend resin should have a 
melt viscosity that is lower than the substrate polyamide? 

Based on the lack of teaching or suggestion by Scharf regarding the specific ratios of the 
melt viscosities and how the specific ratios of the melt viscosities influence the migration to the 
surface, the degree of migration to the surface and the degree of chemical reaction between the 
polymer resin blend and the polyamide substrate, not to mention the added complexity of the 
additional halogenated derivatives and their melt viscosities or their influence on the overall melt 
viscosities of the polymer blend resin, it is not reasonable to suggest that one of ordinary skill in 
the a rt c ould r each t he r atios i n t he p resent a pplication by" routine experimentation". Scharf 
does not offer guidance as to what proper ratios will yield a migration to the surface of a molten 
component without a chemical reaction between the polymer blend resins and the polyamide 
substrates and only presents an ideal definition of what would ideally happen if the melt viscosity 
of the polyamide substrate and the polymer blend resin were sufficiently different. The current 
application does not present melt viscosities in generalities and does not present seemingly ideal 
conditions alone, but instead presents specific guidance to one of ordinary skill in the art. 
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Therefore, the present application is not obvious in view of Scharf. For the Examiner to point to 
Scharf s general statements and to look at the ratios given in the present application and 
ultimately determine that all ratios are obvious appears to be the Examiner combining the present 
application with Scharf to render the present application unpatentable - meaning that the 
Examiner is using the present application as a prior art reference against itself, which is clearly 
improper. 

Rivet Regions 

The present application discloses that "rivet regions" are formed between the molten 
component and the molten thermoplastic component. The specification, on page 14, states that 
"rivet regions form" thereby avoiding the formation of the well-defined interface and resulting 
tendency toward de-lamination that is characteristic of prior art sheath/core fibers. The 
specification goes on to state on page 14 that the phrase "rivet regions form" means that both the 
molten component and the molten thermoplastic polymer co-exist in sufficient quantities 
throughout the fiber radial direction and thus there are no annular rings with the sharp interface 
characteristic of prior art sheath-core fibers. 

Scharf is suggesting that an ideal condition is for the low viscosity component to migrate 
to the surface along with the halogenated derivatives, thus providing higher arc tracking 
resistance. (See Column 4, lines 62-65) There is no teaching or suggestion that the low viscosity 
components contemplated in Scharf will a) migrate to the surface while still forming a rivet 
region; and b) migrate to the surface while still forming the rivet region previously mentioned 
while at the same time not substantially reacting chemically with the molten thermoplastic 
component. If the compounds contemplated in Scharf did manage to migrate to the surface - 
past the halogenated derivatives - there would be no rivet region. And if the compounds 
contemplated in Scharf did manage to form a rivet region because of a lack of full migration to 
the surface and/or past the halogenated derivatives, then there's absolutely no contradiction to the 
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presumption in Scharf that this rivet region was formed merely because the low viscosity 
component underwent a chemical reaction with the polyamide substrate. 

CSP Value 

The present application discloses that "CSP" or "calculated solubility parameters" are 
those solubility parameters that are calculated using Coleman's methodology and his constitutive 
molar volumes and attraction constants, (see pages 3-4) The present application also shows in 
the Examples Section and the claims that the CSP value is contemplated to be at least 8. (See 
Response to the Restriction Requirement and Amendment Prior to Action on the Merits filed on 
February 7, 2001 by Margaret Millikin for correction of 0.8 value to 8) 

There is no teaching or suggestion in Scharf that molten components having a CSP value 
of at least 8 are contemplated or necessary to the subject matter disclosed therein. In addition, 
there is no motivation to one of ordinary skill in the art of polymer chemistry that a consideration 
of the CSP is even necessary. Scharf mentions that the polymer blend resin is at least partially 
incompatible (insoluble) in the substrate polyamide, but there is absolutely no guidance given as 
to how this relates to the CSP value or how a comparable solubility parameter would be 
calculated or utilized in the Scharf embodiments, and since the applicant contends that the 
molten components in the present application are different than Scharf s compounds, the 
Applicant contends that it would be improper to assume that the compounds in Scharf have a 
CSP value of 8. 

Melt Processing 

The present application, including Claim 1, recites that the process comprises "melt 
processing said heterogenous blend wherein said molten component preferentially locates near 
the surface of said molten thermoplastic polymer and substantially no chemical reaction occurs 
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between said molten component and said molten thermoplastic component". The melt 
processing step includes the migration of the molten component near the surface. 

Scharf teaches that the migration of the low viscosity component occurs after mixing the 
low v iscosity c omponent, the halogenated derivatives and the polyamide substrate. Then, the 
resulting mixture can be processed in order to produce "various shapes and articles of 
manufacture using conventional techniques such as molding or casting and the like...". Scharf 
does not teach or suggest that there is a melt processing step includes the migration of the molten 
component near the surface. In addition, Scharf does not motivate one of ordinary skill in the art 
to use a melt processing step that would include the migration of the molten component near the 
surface. 

rONCI IfSION OF ARGUMENT 

It has been shown that the molten components contemplated in the present application are 
chemically different than the polymer blend resin/halogenated derivatives in Scharf and that the 
processing steps are actually different despite the original conclusion by the Examiner that they 
appear to be the same or that one of ordinary skill in the art could arrive at the present application 
and claims solely based on a reading of the Scharf patent. 

As was discussed, the Examiner only concentrated on the melt viscosity statements 
related to the conventional components listed in Scharf - where no ratio guidance was given - 
and made two rather general conclusions and erroneous conclusions that based on the melt 
viscosity: a) there was no chemical reactions in Scharf and b) there would be sufficient 
migration of the polymer blend resin (without melt processing). From reviewing the Examiner's 
comments, it appeared that the Examiner was using one facet of the Scharf patent - the melt 
viscosities - and then using that facet in combination with the present application to render the 
present application obvious in view of Scharf, which would be an improper use of the present 
application as prior art. It is not clear that, after a fair reading Scharf in comparison with the art 
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at the time the present invention was made, one of ordinary skill in the art of polymer chemistry 
could derive claim 1 of the present application from Scharf directly or upon routine 
experimentation, while including the following provisions: a) no chemical reaction, b) melt 
viscosities, c) rivet regions, d) CSP value of 8, and e) melt processing. These provisions along 
with the additional language in the present application and claims, when considered as a whnle ^ 
renders the claims of the present application patentable despite the Scharf reference. 

The obviousness rejections are inappropriate because there is no teaching, suggestion, or 
motivation to use the process in the present application as proposed by the Examiner. Therefore, 
claim 1 of the present application is allowable as patentable over Scharf. In addition, claims 2-3 
and 18 are allowable by virtue of their dependency on independent claim 1 . 
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Attorney Not of RFroRn 

Please note that Sandra P. Thompson, PhD (USPTO Reg. No. 42,624) is not listed on the 
original application as an Attorney of Record; however, according to MPEP Section 405, Dr. 
Thompson may properly file this Appeal Brief, and the filing of this Appeal Brief is considered a 
representation that Dr. Thompson is authorized to act in a representative capacity on behalf of the 
Applicant. 



Respectfully submitted, 



Bingham McCutchen, LLP 




/Sandra P. Thompson, PhD, Esq. 
Reg. No. 46,264 
E-mail: sanrira thnmpsnn@hingham com 
Direct Line: 714-830-0622 



Attorneys for Applicant(s): 



Plaza Tower 

600 Anton Boulevard, 18th Floor 
Costa Mesa, CA 92626 
Tel: 714-830-0622 
Fax: 714-830-0722 



Three Embarcadero Center 
San Francisco, CA 941 1 1 
Tel: (415) 393-2000 
Fax: (415) 393-2286 
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Appendix of Pending Claims 

1 . (Previously Amended) A process comprising the steps of: 

(a) adding a substantially organic molten component with CSP value of at least 8 to a 

molten thermoplastic polymer and mixing to substantially uniformly disperse said 
molten component in said molten thermoplastic polymer and form a 
heterogeneous blend wherein 

(i) the melt viscosity of said molten component is substantially less than the melt 

viscosity of said molten thermoplastic polymer; and 

(ii) the amount of said molten component in said molten thermoplastic polymer is 

up to about ten percent by weight based on said heterogeneous blend; and 

(b) melt processing said heterogeneous blend wherein said molten component 

preferentially locates near the surface of said molten thermoplastic polymer and 
substantially no chemical reaction occurs between said molten component and 
said molten thermoplastic polymer. 

2. (Original) The process of claim 1 wherein rivet regions form between said molten 
component and said molten thermoplastic polymer thereby avoiding formation of a 
sheath/core structure with sharp interface. 

3. (Original) The process of claim 1 wherein the ratio of the melt viscosity of said molten 
thermoplastic polymer to the melt viscosity of said molten component at the extrusion 
temperature is greater than about 10/1. 

Claims 4-7 Previously Canceled. 

8. (Original) The process of claim 1 wherein said molten component is Formula (II) 
additive derived from an end-capped polyolefin of moderate molecular weight and 
comprises any of the following units 
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(a) -[-NH-R.3-NH-]- 

(b) -[-C(=0)-R4-C(=0)-]- 

where R3 and/or R4 are polyolefin residues with degree of polymerization (dp) up to 250. 

9. (Original) The process of claim 8 wherein the weight-average molecular weight of said 
Formula (II) additive is greater than about 1000 to less than about 25,000. 

Claims 10-12 Previously Canceled. 

13. (Original) The process of claim 1 wherein said thermoplastic polymer is polyester. 

14. (Original) The process of claim 13 wherein said polyester is polyethylene terephthalate. 

Claims 15-17 Previously Canceled. 

18. (Original) The process of claim 1 wherein said molten component contains an ultraviolet 
screen. 

Claims 19-60 Previously Canceled. 
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Appendix of Pending Claims as Originally Filed 

1 . (Original) A process comprising the steps of: 

(a) adding a substantially organic molten component with CSP value of at least 0.8 to a 

molten thermoplastic polymer and mixing to substantially uniformly disperse said 
molten component in said molten thermoplastic polymer and form a 
heterogeneous blend wherein 

(i) the melt viscosity of said molten component is substantially less than the melt 

viscosity of said molten thermoplastic polymer; and 

(ii) the amount of said molten component in said molten thermoplastic polymer is 

up to about ten percent by weight based on said heterogeneous blend; and 

(b) melt processing said heterogeneous blend wherein said molten component 

preferentially locates near the surface of said molten thermoplastic polymer and 
substantially no chemical reaction occurs between said molten component and 
said molten thermoplastic polymer. 

2. (Original) The process of claim 1 wherein rivet regions form between said molten 
component and said molten thermoplastic polymer thereby avoiding formation of a 
sheath/core structure with sharp interface. 

3. (Original) The process of claim 1 wherein the ratio of the melt viscosity of said molten 
thermoplastic polymer to the melt viscosity of said molten component at the extrusion 
temperature is greater than about 10/1. 

4. (Original) The process of claim 1 wherein said molten component is Formula (I) additive 
based on an end-capped polyamide or copolyamide of moderate molecular weight 
comprising one or more of the following units 



18 



Bingham Docket No.: 7037592001-3001346 
Honeywell Docket No.: 30-4708 (4700) 



(a) 



-[-NH— (CH 2 )x— C(=0)-]- 



where x = 3-30; or 



5. 

6. 

7. 
8. 



(b) -[-NH-Ri-NH-C(=0)-R 2 -C(-0)-]- where Ri and R 2 are independently selected 



(i) -(CH 2 )y- where Y = 3-30; or 

(ii) -CH 2 -(CH 2 -0-CH 2 )z-CH 2 - where Z= 1-30; or 

(iii) for R 2 only, hydrocarbon component in dimer acid comprising acyclic, 
monocyclic, bicyclic, and aromatic units and are partially or fully hydrogenated 
such that the resulting additive has a lower melting point than the molten 
thermoplastic polymer and the polyamide or copolyamide is terminated to reduce 
the free carboxyl and amine end-groups wherein the terminating agents have 
functional groups capable of reacting with the free carboxyl or amine end-groups 
and consist of a substituted or unsubstituted aliphatic or aromatic having from one 
to 100 carbon atoms. 

(Original) The process of claim 4 wherein the weight-average molecular weight of said 
Formula (I) additive is greater than about 1000 to less than about 25,000. 

(Original) The process of claim 4 wherein the weight-average molecular weight of said 
Formula (I) additive is about 5,000 to about 15,000. 

(Original) The process of claim 4 wherein said Formula (I) additive contains dimer acid. 

(Original) The process of claim 1 wherein said molten component is Formula (II) 
additive derived from an end-capped polyolefin of moderate molecular weight and 
comprises any of the following units 



from 



(a) 



-[-NH-R.3-NH-]- 



(b) 



-[-C(=0)-R4-C(=0)-]- 
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where R3 and/or R4 are polyolefin residues with degree of polymerization (dp) up to 250. 

9. (Original) The process of claim 8 wherein the weight-average molecular weight of said 
Formula (II) additive is greater than about 1000 to less than about 25,000. 

10. (Original) The process of claim 1 wherein said molten component is a polyolefin. 

11. (Original) The process of claim 10 wherein the polyolefin is unsaturated. 

12. (Original) The process of claim 10 wherein the polyolefin is polyethylene or a copolymer 
thereof. 

13. (Original) The process of claim 1 wherein said thermoplastic polymer is polyester. 

14. (Original) The process of claim 13 wherein said polyester is polyethylene terephthalate. 

15. (Original) The process of claim 1 wherein said thermoplastic polymer is polyolefin. 

16. (Original) The process of claim 1 wherein said thermoplastic polymer is polyamide. 

17. (Original) The process of claim 16 wherein said thermoplastic polymer is 
polycaprolactam. 

18. (Original) The process of claim 1 wherein said molten component contains an ultraviolet 
screen. 

19. (Original) An additive of Formula (I) based on an end-capped polyamide or copolyamide 
of moderate molecular weight comprising one or more of the following units 

(a) -[-NH— (CH 2 )x— C(=0)-]- where x = 3-30; or 

(b) -[-NH-Ri-NH-C(=0)-R 2 -C(=0)-]- where Ri and R 2 are independently selected 

from 

(i) -(CH 2 )y- where Y = 3-30; or 

(ii) -CH 2 -(CH 2 -0-CH 2 )z -CH 2 - where Z = 1 -30; or 
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(iii) for R2 only, dimer acid hydrocarbon component comprising acyclic, 
monocyclic, bicyclic, and aromatic units and are partially or fully hydrogenated 
such that the resulting additive has a lower melting point than the molten 
thermoplastic polymer 

and the polyamide or copolyamide is terminated to reduce the free carboxyl and amine 
end-groups wherein the terminating agents have functional groups capable of reacting 
with the free carboxyl or amine end-groups and consist of a substituted or unsubstituted 
aliphatic or aromatic having from one to 100 carbon atoms. 

20. (Original) The additive of claim 19 wherein the weight-average molecular weight of said 
Formula (I) additive is greater than about 1000 to less than about 25,000. 

21. (Original) The additive of claim 19 wherein the weight-average molecular weight of said 
Formula (I) additive is about 5,000 to about 15,000. 

22. (Original) The additive of claim 19 wherein said additive is a block copolymer. 

23. (Original) The additive of claim 19 wherein said additive is a random copolymer. 

24. (Original) The additive of claim 19 wherein each of said terminating agents has from one 
to 30 carbon atoms. 

25. (Original) A flushing agent comprising the additive of claim 19. 

26. (Original) A lubricating agent comprising the additive of claim 19. 

27. (Original) A color concentrate comprising the additive of claim 19. 

28. (Original) A heterogeneous blend comprising said additive of claim 19 and a 
thermoplastic polymer. 

29. (Original) The heterogeneous blend of claim 28 wherein said thermoplastic polymer is 
polyester. 

30. (Original) The heterogeneous blend of claim 29 wherein said polyester is polyethylene 
terephthalate. 
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31. (Original) The heterogeneous blend of claim 29 wherein said polyester is polyethylene 
naphthalate. 

32. (Original) The heterogeneous blend of claim 28 wherein the amount of said additive is up 
to about ten weight percent of said heterogeneous blend. 

33. (Original) An article formed of the heterogeneous blend of claim 28. 

34. (Original) The article of claim 33 wherein said article is film. 

35. (Original) The article of claim 33 wherein said article is fiber. 

36. (Original) The fiber of claim 35 wherein said additive is located near the surface of said 
thermoplastic polymer. 

37. (Original) The article of claim 33 wherein said article is molded. 

38. (Original) The fiber of claim 36 wherein the additive covers less than 90 percent of the 
surface of said thermoplastic polymer. 

39. (Original) The fiber of claim 35 which additionally comprises an adhesive adhesion 
promoting additive. 

40. (Original) The fiber of claim 39 wherein said adhesion promoting additive is a coating. 

41 . (Original) The fiber of claim 40 where the coating contains an epoxide and/or blocked 
isocyanate. 

42. (Original) The fiber of claim 40 which additionally comprises a cross-linking adhesion 
promoting additive. 

43. (Original) The fiber of claim 35 which additionally comprises a lubricating promoting 
additive. 

44. (Original) The fiber of claim 35 which additionally comprises a color enhancing additive. 

45. (Original) A composite comprising rubber and the fiber of claim 35. 

46. (Original) A tire comprising the composite of claim 45. 
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47. (Original) A tire cap ply comprising the composite of claim 45. 

48. (Original) A v-belt or conveyor belt comprising the composite of claim 45. 

49. (Original) An additive of the Formula (II) derived from an end-capped polyolefin of 
moderate molecular weight and comprising any of the following units 

(a) -[-NH-Ra-NH-]- 

(b) -[- C (=0)-R4-C(=0)-]- 

where R3 and/or R4 are polyolefin residues with degree of polymerization (dp) up to 250. 

50. (Original) The additive of claim 49 wherein the weight-average molecular weight of said 
Formula (II) additive is greater than about 1,000 to less than about 25,000. 

5 1 . (Original) A heterogeneous blend of said additive of claim 49 and a thermoplastic 
polymer. 

52. (Original) The heterogeneous blend of claim 51 wherein said thermoplastic polymer is 
polyester. 

53. (Original) The heterogeneous blend of claim 52 wherein said polyester is polyethylene 
terephthalate. 

54. (Original) The heterogeneous blend of claim 52 wherein said polyester is polyethylene 
naphthalate. 

55. (Original) An article formed of said heterogeneous blend of claim 51 . 

56. (Original) The article of claim 55 wherein said article is fiber. 

57. (Original) A composite comprising rubber and the fiber of claim 56. 

58. (Original) A tire comprising the composite of claim 57. 

59. (Original) A tire cap ply comprising the composite of claim 57. 

60. (Original) A v-belt or conveyor belt comprising the composite of claim 57. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to a novel polydiorganosiloxane-modified polymer, particularly a copolymer of 
a polydiorganosiloxane and a fiber-forming polymer. 

[0002] There have been numerous disclosures of the use of specially tailored polysiloxanes in conjunction with other 
polymers. For example, U.S. Pat. No. 4,640,962 describes a polyester resin, and a polyester fiber made from that 
resin, that includes siloxane block polymer units in the polyester matrix. The siloxane block polymer units migrate to 
10 the surface of the polyester fiber during its formation so as to provide a silicon-sheathed polyester fiber. 

[0003] U.S. Pat. No. 4,663,413 describes a linear polysiloxane-polylactone block copolymer which is miscible with 
base polymers, particularly nylon, Blending of the polysiloxane-polylactone block copolymer with the base polymer 
imparts desirable surface properties to the base polymer. 

[0004] U.S. Pat. No. 4,987,203 describes a polyorganosiloxane which contains a fluorinated substituent at its ot- 
is terminal position and a substituent having an epoxy linkage at its co-terminal position. This modified polyorganosiloxane 
can be chemically grafted onto a synthetic resin such as polyamide via a bond between the epoxy linkage and a group 
in the synthetic resin reactive with the epoxy linkage. 

[0005] U.S. Pat. No. 5,070,168 describes a silicone polymer which includes an ether amino pendant group. The 
polymers deposit on substrate surfaces via the pendant group to form surface-modifying features. 

20 [0006] The use of polysiloxanes as fiber surface treating compositions is also known. For example, U.S. Pat. No. 
4,459,382 describes treating a fiber substrate with a composition comprising a liquid carrier, a first polydiorganosiloxane 
containing at least two epoxy-containing organic radicals and a second polydiorganosiloxane selected from the group 
consisting of polydiorganosiloxanes containing at least two amino-containing hydrocarbon radicals and at least one 
polyalkyleneoxide radical and polydiorganosiloxanes containing at least two carboxy -containing hydrocarbon radicals 

25 and at least one polyalkyleneoxide radical. This composition is said to confer upon the fibers enhanced antistatic 
properties, water absorbency, stain resistance, softness, smoothness, crease resistance and compression recovery. 
[0007] A related disclosure which concerns the incorporation of polysiloxanes into base polymers is copending, com- 
monly assigned U.S. Application Ser. No. 502,21 6, filed March 30, 1 990. This application describes a polymeric release 
film comprising a blend of a base polymer and a copolymer additive, the copolymer additive comprising a hard segment 

30 polymer component and a soft segment polymer component, one of the soft segment components being a polydior- 
ganosiloxane. 

[0008] A significant limitation in the prior art concerning the modification of base polymers via the reactive incorpo- 
ration of polysiloxanes, however, is the limited flexibility in selecting the specific reactive sites and amounts of the 
siloxane functional group relative to the backbone chain of the base polymer. For example, the polyorganosiloxane 

35 disclosed in U.S. Pat. No. 4,987,203 permits the attachment of only one base polymer chain per polydiorganosiloxane 
molecule since each polydiorganosiloxane molecule only includes one epoxy group which is positioned at its co-terminal 
end. One result of this limited reactive site is a reduction in reactive probability and the consequential tendency towards 
increased amounts of unreacted polydiorganosiloxane. A need therefore exists for a more flexible method of incorpo- 
rating polydiorganosiloxanes into base polymers which provides a wider range and more selectivity in controlling bond- 

40 jng locations and amounts for the siloxane functionality. 

[0009] Moreover, although the prior art attributes many advantages to the use of polydiorganosiloxanes, there re- 
mains a significant need for further improvement in the properties of polymer products that have been modified by the 
incorporation of or treatment with polydiorganosiloxanes, particularly with regard to the processing of such polymer 
products. The incorporation of the polydiorganosiloxanes also should be simplified so that a wide variety of base pol- 

45 ymers can be modified simply by adding the polydiorganosiloxane after the base polymer has already been synthesized. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to provide an efficient and versatile method for incorporating 
50 a polydiorganosiloxane into a base polymer to impart improved properties to the base polymer, especially with respect 
to the processing of the base polymer into a useful product. 

[0011] In accomplishing the foregoing objects there is provided according to the present invention a copolymer of a 
polydiorganosiloxane and a base polymer according to claim 1 or to claim 2, comprising a structure represented by 
the following formula A: 

55 
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(A) 



wherein each of 



is the same or different and is selected from the group consisting of alkyl, aryl, cycloalkyl, aralkyl, fluoroalkyl, 
perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl ether 

25 and perfluoroaryl ether; 

L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 
fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, alkylene 
ether, arylene ether, perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, amino arylene, amino cy- 
cloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, amino per- 

30 fluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido arylene, amido cy- 

cloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluoroarylene, amido per- 
fluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto arylene, keto cycloalkylene, 
keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, keto perfluoroarylene, keto fluor- 
oaralkylene and keto perfluoroaralkylene ; 

35 R 2 is as defined in claim 1 

Z is as defined in claim 1; 
x is 0 to 2000; 

y and w are as defined in claim 1 or in claim 2; and the 

40 
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units of formula A are arranged-in a random or a block structure. 
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[0012] In a preferred embodiment of the present invention there is provided a base polymer according to claim 5 or 
to claim 6 comprising a plurality of polymer chains, wherein at least one of the polymer chains forms a copolymer with 
a polydiorganosiloxane, the polydiorganosiloxane having a structure represented by the formula B: 



R 3 

t 

R, R, R, L R, 

R r Si-0- (-Si-0-) s - {-Si-0-) y - (Si-O-U-Si-Ri 
ii ; i » 

R, Ri L L R { 

i I 



(B) 

20 wherein each of 

R, is the same or different and is selected from the group consisting of alky), cycloalkyl, aryl, aralkyl, fluoroalkyl, 
perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl ether 
and perfluoroaryl ether; 

25 L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 

fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, alkylene 
ether, arylene ether, perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, amino arylene, amino cy- 
cloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, amino per- 
fluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido arylene, amido cy- 

30 cloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluoroarylene, amido per- 

fluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto arylene, keto cycloalkylene, 
keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, keto perfluoroarylene, keto fluor- 
oaralkylene and keto perfluoroaralkylene; 
R 3 is as defined in claim 5; 

35 x is 0 to 2000; 

y and w are as defined in claim 5 or in claim 6; and the 



40 K 3 

I 

Ri R, L 

i i i 

-(- Si - 0 -),- , -(- Si - 0 -) y - , and -(- Si - 0 -) w - 

45 i ( , 

R, L L 

i : 

R 3 R 3 



units of formula B are arranged in a random or a block structure. 

[001 3] There also is provided according to the present invention a process for incorporating a polydiorganosiloxane 
into a base polymer comprising the steps of: 

(a) contacting a base polymer having a terminal or a pendant functional group with a polydiorganosiloxane having 
a structure as defined in claim 5 or in claim 6; and 

(b) subjecting the resultant mixture to a reactive condition so that a chemical bond forms between the terminal or 
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pendant functional group of the base polymer and R 3 of the polydiorganosiloxane. 

[0014] A preferred embodiment of the process of the present invention is a process for forming a polymeric fibrous 
structure comprising a plurality of polymer chain segments, the process comprising the steps of: 

5 

(a) mixing a plurality of polymer chain segments, each chain segment having at least one terminal or pendant 
functional group; with a polydiorganosiloxane having a structure as defined in claim 5 or in claim 6; and 

(b) melt extruding the resultant mixture to form a fibrous structure and chemically bond R 3 and the terminal or 
pendant functional group of at least one of the polymer chains. 

w 

[0015] According to a further aspect of the present invention there is provided a process for applying a finish to a 
polymeric fibrous substrate comprising applying finish in a liquid state to said polymeric fibrous substrate and then 
drying the resultant finish-coated polymeric substrate so that up to about 0.3 weight % of the finish in a solid state 
remains on the polymeric fibrous substrate, based upon the weight of the polymeric fibrous substrate. Preferably the 
'5 polymeric fibrous substrate is modified to include a copolymer of formula A. 

[0016] Further objects, features and advantages of the present invention will become apparent from the detailed 
description of preferred embodiments that follows. 



BRIEF DESCRIPTION OF THE DRAWING 

20 

[0017] The invention will be described in more detail below with reference to the drawing, wherein: 



Figure 1 is an elevation view of an apparatus used to measure a property of the invention; 
Figure 2 is a graphic representation of the melt viscosities of the polydiorganosiloxane modified-poiymer of the 
25 invention and an unmodified base polymer; 

Figure 3 is a graphic representation of soiling of carpets made from polydiorganosiloxane-modified pigmented 
nylon 6 fibers of the invention and from unmodified pigmented nylon 6 fibers. 



DETAILED DESCRIPTION OF THE INVENTION 

30 

[0018] As used herein, the term "base polymer" denotes a polymer to which the polydiorganosiloxane is added 
resulting in the formation of a polydiorganosiloxane/base polymer copolymer. It is the properties of the base polymer 
which the addition of the polydiorganosiloxane is intended to modify. 

[0019] "Polymer chain" denotes the linear chain of recurring monomer units which forms the backbone of the base 
35 polymer. 

[0020] "Graft copolymer" denotes a copolymer wherein the base polymer chain segments are grafted onto the poly- 
diorganosiloxane chain in random or block order. In other words, the -L-R 2 - bonding sites are distributed in random or 
block order along the polydiorganosiloxane chain according to the general formula 



40 

XXXXXXXXXX or XXXXXXXXX. 

it ; t t 

Y Y YYY 

ii ; i t 

Y Y YYY 
45 Y Y YYY 



(random) (block) 

The random structure is preferred since it permits the variation of structural parameters such as the effective molecular 
weight between the reactive Si sites depending upon the desired properties of the copolymer. The more regular spacing 
between the -L-R 2 - bonding sites also allows for more uniform variation of the effective molecular weight. 
[0021] "Polymeric fibrous structure" denotes a polymer or copolymer which has been formed into a continuous fila- 
ment (single or multiple) of a running or extremely long length, or cut or otherwise short fiber known as staple, or a 
material which includes such a formed polymer or copolymer. An example of a polymeric fibrous structure is a textile 
component such as a tape, fiber, yarn or other profile which typically has been tufted, woven, or otherwise constructed 
into fabric suitable for final use in home furnishings, particularly as floor covering or upholstery fabric. Another example 
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is a tape, fiber, yarn or other profile which has been woven into a fabric for use in seatbelts. A further example is a 
tape, fiber, yarn or other profile which has been constructed into cord used for reinforcing tires. 
[0022] "Polyamide'' denotes nylon 6, nylon 66, nylon 4, nylon 12 and other polymers containing the 

5 (C-NH) 

0 

structure along with the (CH 2 ) X chain as described in Cook, J., Handbook of Textile Fibres, Merrow Publishing Co., pp. 

10 194-327 (1984). Nylon 6 and 66 are preferred. 

[0023] "Polyester" denotes polyethylene terephthalate (PET), polybutylene terephthalate (PBT), polyethylene nap- 
thalate (PEN), polyalkylene adipate, polyesters of dihydric phenols, liquid crystal polymers and other polymers con- 
taining the ester repeating unit as described in Encyclopedia of Polymer Science and Engineering, Vol. 12., pub. by 
John Wiley & Sons, Inc., pp. 1-300 (2d ed. 1989). 

'5 [0024] It has been discovered that a polydiorganosiloxane additive can be incorporated easily into a base polymer 
so as to modify the properties of the base polymer. The incorporation occurs via a copolymerization reaction between 
the polydiorganosiloxane and the base polymer. Due to the versatility of this invention, the amount of the polydiorga- 
nosiloxane additive incorporated into the base polymer can be carefully controlled. 

[0025] The polydiorganosiloxane portion of the copolymer of the present invention is based upon a polydiorganosi- 
20 loxane structure, preferably linear, comprised of repeating units of -Si(R 1 ) 2 -0-. Each of the R-, substituents can be the 
same or different and generally can be any aliphatic, aromatic, alicyclic or heterocyclic radical. Among the more useful 
substituents are alkyl, aryl, cycloalkyl, aralkyl, fluoroalkyl, perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, per- 
fluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl ether and perfluoroaryl ether. The alkyl, fluoroalkyl, perfluoroalkyl, 
alkyl ether and perfluoroalkyl ether groups can be straight- chained or branched and preferably contain 1 to 25, espe- 
25 cially 1 to 10, carbon atoms. The aryl, fluoroaryl, perfluoraryl, aryl ether and perfluoroaryl groups preferably contain 1 
to 3 C 6 rings which may be substituted. The cycloalkyl group preferably contains 3 to 15 carbon atoms. The aralkyl, 
fluoroaralkyl and perfluoroaralkyl groups preferably contain 7 to 15 carbon atoms. Methyl and trifluoromethyl are par- 
ticularly preferred for the R-| groups attached to the repeating silicon atoms. Attachment of a methyl group to the 
repeating silicon atoms is advantageous due to its lower surface energy which contributes to the lubricity of the copol- 
30 yrner during processing. An alkyl, especially methyl, is particularly preferred for the R., groups attached to the terminal 
silicon atoms. The fluoro radicals are advantageous due to their ability to enhance soil removal from fibrous structures 
which include the copolymer. 

[0026] The production of linear polydiorganosiloxanes is well known in the art and is described, for example, in 
Encyclopedia of Polymer Science and Engineering, Vol. 1 5, pub. by John Wiley & Sons, I nc. , pp. 234-258 (2d ed. 1 989) 
35 and the references cited therein. For utilization in the present invention, however, conventional linear polydiorganosi- 
loxanes must be modified so that at least one of the silicon atoms includes a reactive site (i.e., -L-R 3 -) for the base 
polymer. Preferably, a plurality of the silicon atoms include a reactive site. Each silicon atom can have one or two 
reactive sites bonded to it. The types of reactive site groups in each modified polydiorganosiloxane molecule can be 
the same or different. 

40 [0027] The linking group, -L-, can be any divalent radical that is derived from a hyd rosily lation reaction between a 
siloxane or silane monomer and a precursor compound that includes at least one unsaturated bond in a reactive position 
so that a carbon-silicon bond is formed between the siloxane or silane and the precursor compound. Preferably, the 
precursor compound includes a vinyl group, more preferably an ally! orallyloxy group. Illustrative of divalent radicals 
that can serve as linking groups, -L-, are alkylene (such as methylene (-CH 2 -), ethylene (-CH 2 -CH 2 -), propylene (-CH 2 - 

45 CH 2 -CH 2 -), C 4 to C 15 methylene), arylene (such as phenylene), cycloalkylene, aralkylene, fluoroalkylene, perfluoro- 
alkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, alkylene ether, arylene ether, perfluor- 
oalkylene ether, perfluoroaralkylene ether, amino alkylene, amino arylene, amino cycloalkylene, amino aralkylene, 
amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, amino perfluoroarylene, amino fluoroaralkylene, 
amino perfluoroaralkylene, amido alkylene, amido arylene, amido cycloalkylene, amido aralkylene, amido fluoro- 

50 alkylene, amido perfluoroalkylene, amido fluoroarylene, amido perfluoroarylene, amido fluoroaralkylene, amido per- 
fluoroaralkylene, keto alkylene, keto arylene, keto cycloalkylene, keto aralkylene, keto fluoroalkylene, keto perfluoro- 
alkylene, keto fluoroarylene, keto perfluoroarylene, keto fluoroaralkylene and keto perfluoroaralkylene radicals. By 
"divalent radical" is meant a radical that has at each terminal end a bond to another non-hydrogen atom. Accordingly, 
'alkylene" is used herein as indicating such terminal bonds rather than as indicating that the linking radical, -L- t includes 

55 an unsaturated bond. By "amino" is meant a divalent radical that includes -NH- as well as the linking carbon atoms. 
By "amido" is meant a divalent radical that includes -NHC(O)- as well as the linking carbon atoms. By "keto" is meant 
a divalent radical that includes -C(O)- as well as the linking carbon atoms. 

[0028] The alkylene, fluoroalkylene, perfluoroalkylene, alkylene ether and perfluoroalkylene ether groups and their 
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amino, amido and keto counterparts preferably contain 1 to 15 carbon atoms and can be branched or unbranched. 
The arylene, fluoroarylene, perfluoroarylene and arylene ether groups and their amino, amido and keto counterparts 
preferably contain 1 to 3 C 6 rings which may be substituted. The cycloalkylene group and its amino, amido and keto 
counterparts preferably contains 3 to 10 carbon atoms. The aralkylene, fluoroalkylene, perfluoroaralkylene and per- 
5 fluoroaralkylene ether groups and their amino, amido and keto counterparts preferably contain 7 to 1 5 carbon atoms. 
Particularly preferred are alkylene, alkylene ether and fluoroalkylene groups such as (-CH 2 -) n > (-CH 2 -) n " 0 " CH 2" and (■ 
CF 2 -) n , wherein n is 1 to 15, preferably 3. 

[0029] It has been found that if a polydiorganosiloxane is modified to include certain reactive radicals, Rj, the poly- 
diorganosiloxane can be chemically attached to the terminal or pendant groups of a large variety of base polymer 
10 chains. The particular reactive radical depends in part upon the base polymer which is to be modified. In addition, the 
reactive radical should be selected so that the by-products of the copolymerization are inert in the sense that they do 
not degrade the resulting copolymer Suitable R 3 reactive radicals include epoxy, 

15 

CH, - CH- ; 
v ✓ 
0 

20 isocyanate radicals, O = C = N - ; 
blocked or substituted isocyanate, 



B - C - NH - , 

2S " 

0 

wherein B is caprolactam, phenol, ketoxime or a pyrazole; 
oxazoline 

30 

0 - C - ; 



H 2 C N 

35 CH, 



carbodiimide, R 4 - N = C = N - R 4 - , wherein R 4 is a to C 5 alkyl or an aryl group; 
anhydride, 

40 

o«c' ^C-O 

45 0 

wherein R 5 is a polyalkylene or substituted polyalkylene radical, preferably dtmethylene, 
so CHj - CH - 

o«c' C = 0 

0 

ss or alkyl dimethylene, 
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CHj - CH 



0 » c 



c 



wherein R 6 is a to C 5 alkyl group; 
and caprolactim ether, 



10 



HjC 



c - o 



CHj 



20 



25 



30 



35 



[0030] Particularly preferred are epoxy, blocked isocyanate and anhydride because of the efficiency of their reaction 
with the terminal or pendant groups of the base polymer. 

[0031] The following modified polydiorganosiloxanes additives are especially preferred: 

TABLE A 



Additive 


Ri 


R 3 


L 


X 


y 


w 


A 


CH 3 


epoxy 


-(CH 2 ) 3 -0-CH 2 - 


96.5 


5.5 


0 


B 


CH 3 


epoxy 


-(CH 2 ) 3 -0-CH 2 - 


330 


6.0 


0 


C 


CH 3 


epoxy 


-(CH 2 ) 3 -0-CH 2 - 


670 


6.0 


0 


D 


CH 3 


isocyanate or blocked isocyanate 


(-CH 2 -) 3 


670 


6.0 


0 


E 


CH 3 


anhydride 


(-CH 2 ) 3 


1400 


6.0 


0 



Additives A, B and C are commercially available and additives D and E could be obtained via conventional organic 
synthesis techniques. 

[0032] As described above, the modified polydiorganosiloxane portion of the present invention can include up to 
three sets of repeating units 



40 



so 



55 



i 

Si 

1 



- o -),- 



-(- Si - 
\ 

L 
I 



z 
i 

I 

L 

t i 

O -) y - , and - (- si - O -), 

i 

L 
i 

I 

z 



The subscript x can range from 0 to 2000, preferably 25 to 1500, and more preferably 100 to 1000. The subscripts y 
and w can each, individually, range from 0 to 20, preferably 1 to 10, and more preferably 2 to 6, provided y and w are 
not both 0. The effective molecular weight between the silicon reactive sites, -L-R 3 -, is controlled based upon the 
respective mole percents of the reactants used to produce the modified polydiorganosiloxane. In other words, the 
specific amounts for the subscripts x, y and w are dependent upon the relative molar amounts of the reactants. 
[0033] The polydiorganosiloxane of formula B may be produced by a two step method comprising hydrosilylation 
and hydrolysis/condensation. The hydrosilylation step serves to attach the reactive radicals, R 3 , to the silicon atom 
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and the hydrolysis/condensation step serves to form the polydiorganositoxane backbone chain. The hydrosilylation 
can be performed before or after the hydrolysis/condensation, but it is preferred to perform the hydrosilylation after 
hydroly s is/condensat ion . 

[0034] Conventional hydrosilylation techniques are described in Chop et al., 186 Macro. Chem., pp. 1203, 1211 
s (1985); ChojoetaL, 19 Polymer Bulletin, p. 613(1988); Crivello etal., 28 Journal of Polymer Science, Part A: Polymer 
Chemistry, p. 479 (1990); Crivello et al., 30 Journal of Polymer Science, Part A: Polymer Chemistry , pp. 1-11 (1992); 
U.S. Pat. No. 4,467,082; Speier, 17 Advanced Organometal Chemistry, p. 407 (1979); and Ojima et al., Reviews on 
Silicon, Germanium, Tin, and Lead Compounds, Vol. 5, No. 1 , pp. 7-66 (1 981 ). In general, a R 1 -hydrogen siloxane unit, 

10 

Ri 

- Si - 0 - 

i 

H 

15 

or Rt -hydrogen silane unit, 

20 R| 

l 

H 

25 is dissolved in dry tetrahydrofuran (THF) and 10" 6 M of catalyst (based on siloxane or silane content) is also added. A 
C=C bond-containing reactant, preferably a vinyl-containing reactant, is dissolved in dry THF in molar proportions 
based on siloxane or silane content and added dropwise to the siloxane or silane solution, with constant stirring under 
an inert nitrogen atmosphere. Once addition is complete, stirring is continual at room temperature for two hours. The 
solution then is heated to a gentle reflux for an additional 2-30 hours (depending upon the double bond-containing 

30 reactant) until disappearance of the Si-H bond as determined by infra-red spectroscopy. The solvent then is removed 
to obtain the product. It should be recognized that a dihydric siloxane or silane unit also could be used, thus permitting 
the addition of two C=C bond-containing reactants to one silicon atom. 

[0035] In the context of this invention, hydrosilylation is effected by reacting the siloxane or silane with a carbon 
double bond-containing, preferably a vinyl-containing, precursor of -L-R3. The carbon double-bond containing precur- 

35 sor of -L-R 3 can be formed as described in Allen and Gates, Organic Synthesis, Vol. 3, pp. 418-421; U.S. Pat. No. 
4,467,082; and U.S. Pat. No. 4,278,804, all incorporated herein by reference. In general, a compound that contains 
one of the possible R 3 groups is reacted with a vinyl-containing compound, CH 2 =CH-W-Y, where W is optional and is 
an alkyl, aryl or aralkyl and Y is any radical capable of reacting with the R3-containing compound. If W is present it 
preferably is an alkyl containing 1 to 6 carbon atoms, preferably 1 , or an alkyl phenylene containing 1 to 6 carbon atoms 

40 in addition to the 6 aromatic carbon atoms. Illustrative of possible radicals for Y include isocyanato, glycidyl ether, 
halogen, hydroxy, carboxyl, amino and mercapto. The vinyl-containing compound, thus, is the precursor of the linking 
group L 

[0036] If the hydrosilylation is carried out first, a silane unit is used as the starting reactant and has a preferred 
structure of: 

45 

R. 

A - Si - A 

so H 

wherein A is a halogen such as chloride, a carboxy such as acetoxy, a hydroxy or an alkoxy. The silane unit could also 
be dihydric. When this silane unit undergoes hydrosilylation the hydrogen is replaced by the C=C bond-containing 
reactive group to form a structure of 

55 
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A - Si - A 
L 
R* 

A mixture of the following silane units then undergoes hydrolysis/condensation to form the polydiorganosiloxane of 
formula B: 

Ri Ri R3 Ri 

i tii 

A-Si-Rj, A-Si-A, L , A-Si-A 

(11 
R x L A-Si-A R, 

t i 
R 3 L 

R3 



In general, the individual silane reactants are dissolved in toluene or THF so that all the reactants together constitute 
about 30% by weight of the solution. Water is added and the solution is stirred for 2-6 hours at room temperature and 
at 60-70°C for another 2-6 hours. The amount of water added can vary depending upon the functionalities present and 
the rates of condensation desired. The solution is then cooled, and the solvent removed under reduced pressure and 
the resulting siloxane is isolated. This hydrolysis/condensation synthesis is described in Noll, W., Chemistry and Tech- 
nology of Silicones, pub. by Academic Press (1968). 
[0037] If the hydrositylation is performed second, a mixture of 

R, 

(R^aSiA, A-Si-A, and ASifR^a 

1 

H 

is hydrolyzed/condensed following the above-described procedure to form a polydiorganosiloxane having a structure of 

R] 

(R,) 3 SiO - <-SiO-).- Si(R,) 3 
H 

This polydiorganosiloxane then undergoes hydrosilylation to attach the -L-R 3 groups to the silicon atoms. 
[0038] Each repeating unit can occupy any position along the backbone chain of the polydiorganosiloxane. For ex- 
ample, the backbone chain could consist of 3 x units, followed by 1 w unit, followed by 5 x units, followed by y 2 units. 
[0039] The modified polydiorganosiloxane can be reacted with a wide variety of base polymers to form a copolymer. 
A mixture of different modified polydiorganosiloxanes can be added to a base polymer. Any base polymer that has a 
terminal or pendant group that can react with the reactive radical R 3 of the polydiorganosiloxane to form a copolymer 
can be used in this invention. Particularly suitable types of polymers, Z, are those that include carboxyl, amino and 
hydroxy terminal or pendant groups such as polyamide, polyester, polyurea, polyimide, polycarbonate, polyether, pol- 
yarylate, polyester ether, telechelic functionalized polystyrene and telechelic functionalized polyolefin. Since the poly- 
olefins and polystyrenes do not include terminal groups that could react with the reactive groups R3, they must first be 
modified by known methods such as graft polymerization to include a side chain that includes a pendant group such 
as carboxyl, amino or hydroxy before they can react with the polydiorganosiloxane. The pendant group reacts with R 3 . 
[0040] A significant advantage of the invention is that it does not require the simultaneous formation of the base 
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10 



polymer and the base polymer/potydiorganosiloxane copolymer. In other words, the repeating monomeric structure of 
the base polymer chain remains intact during formation of the copolymer of the invention. This unique feature permits 
the initial production of the base polymer and then, at a later time and/or location, the base polymer can by modified 
by reacting the polydiorganosiloxane additive with the base polymer to form the copolymer. 

[0041] The copolymer structure resulting from the reaction of the polydiorganosiloxane and the base polymer is 
represented by previously depicted formula A. According to this formula, R2 represents the bonding structure which 
forms as a result of the copolymerization. The R2 structure depends upon the particular base polymer and the reactive 
radical or precursor R 3 which modifies the polydiorganosiloxane that reacts with the base polymer. Illustrative of the 
bonding structure between the base polymer and the polydiorganosiloxane are the following copolymers that will form 
with nylon as the base polymer (wherein Ny represents the repeating monomeric units of nylon): 



R 3 is an epoxy group: 



is 



H~N-Ny-COOH + HX-CH-L- 

0 



HOOC-Ny-NH-CH^CH-L- 



OH 



20 



HX-CH-L- * 

v / 
0 



25 



HOOC-Ny-NH- ( -CHj-CH-L- ) - 
1 

OH 



30 



HjN-Ny-COOH ♦ H.C-CH-L- 
\ t 
O 



HjN-Ny-C-O-CHj-CH-L- 
11 1 
O OH 



R 3 is an isocyanate group: 



35 



H^-Ny-COOH + 0=C=N-L- - 



HOOC-Ny-NH-C-NH-L- 
II 
0 



40 



HjN-Ny-COOH + 0=C=N-L- 



H^-Ny-C-O-C-NH-L- 

(i 11 
0 0 



heat 4 (-CO,) 



45 



HjN-Ny-C-NH-L- 
II 
0 



R 3 is a blocked isocyanate: 



so 
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HjN-Ny-COOH + B-C-NH-L- - HOOC-Ny-NH-C-NH- L- + BH 
*» (heat) // 

0 O 



H^N-Ny-COOH + B-C-NH-L- - HjN-Ny-C-O-C-NH-L- + BH 
a (heat) n it 

0 0 0 



R 3 is an oxazoline group: 



heat i (-COj) 
H^-Ny-C-NH-L- 



H^N-Ny-COOH 



♦ O-C-L- 

: HC N 

\ / 



HJI-Ny-C-0-CH;-CH : -NH-C*L- 

it " :i 

0 0 



R 3 is a carbodiimide group: 



HJJ-Ny-COOH + R 4 -N=C=N-L- 



HJf-Ny-COOH + FVN=C=N-L- 



HOOC-Ny-NH-C-NH-L- 

H 

N-R, 

HjN-Ny-C-O-C-NH-L- 
li II 
0 N-R 4 



R 3 is a succinic anhydride group: 



heat + 

H^-Ny-C-N-C-NH-L- 
il I u 
O R 4 0 



HjN-Ny-COOH + H.C-CH-L- 

o=c c-o 

\ / 
o 



H0OC-Ny-NH-C-CH.-CH-L- 
tt I 
0 C00H 



R 3 is a caprolactim ether group 



HjN-Ny-COOH + N=C-0- CH.-L- 

/ \ 
H,C CH. 

I t 
H.C CHj 
\ / 
CH, 



- HJf-Ny-C-O-CH.-L- + NH-CH-«0 

U I \ 

0 H.C CH. 

> / 
H.C-CH, 
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[0042] As can be seen from above, both the amino and carboxyl terminal groups of nylon react with the illustrated 
reactive radicals, but in some instances, such as where R 3 is an oxazoline, succinic anhydride or caprolactim ether, 
the reaction with one of the terminal groups is faster than with the other terminal groups. 

[0043] In a similar fashion, the carboxyl and hydroxy terminal group of a polyester, particularly polyethylene tereph- 
thalate, will react with the reactive radicals to form copolymers. For example, when R3 is an epoxy group the following 
copolymer is formed (wherein PE represents the repeating monomeric units of polyester) ; 

H-PE-C-O-CHj-CH-L- 
O OH 

Likewise, the hydroxy terminal group of a polyarylate will react with the reactive radicals to form copolymers. For 
example, when R 3 is an epoxy group the following copolymer will form (wherein PA represents the repeating monomeric 
units of polyarylate): 



PA-C^-O-CHj-CH-L,- 
OH 

In the case of polyolefins, the backbone chain must include a side chain which has pendant groups that can react with 
the reactive radicals R 3 or a telechelic polyolefin that includes terminal groups that can react with the reactive radicals 
R 3 must be used. For example, polypropylene could be copolymerized with acrylic acid to form a side chain which 
includes carboxylic acid pendant groups br polypropylene could be copolymerized with maleic anhydride to form a side 
chain which includes anhydride pendant groups. 

[0044] Particularly preferred as the base polymer are the fiber-forming polymers such as polyamide, especially nylon 
6 and nylon 66, and polyester, especially PET, PEN and PBT. When the fiber-forming polymers used to make fibrous 
structures, such as carpet or tire yarn, are modified so that a portion of the fiber-forming polymer chains are copolym- 
erized with the reactive polydiorganosiloxane, surprising processing advantages are achieved. Furthermore, by ena- 
bling the polydiorganosiloxane to be chemically anchored in the base polymer via the bonding occurring at the F^ 
reactive sites, the advantageous properties conferred by the siloxane functionalities are not lost during processing or 
use. 

[0045] Typically, the amount of modified polydiorganosiloxane reacted with the base polymer is such that the number 
of reactive sites (-L-R 3 ) are lower than the number of base polymer terminal groups. Accordingly, not alt of the base 
polymer chains react with a polydiorganosiloxane to form a copolymer. On the other hand, substantially all of the 
polydiorganosiloxane reacts with the base polymer. In general, about 0.05 to 95, preferably about 0.2 to 25, more 
preferably about 0.5 to 5, weight% polydiorganosiloxane is added to the base polymer, based upon the weight of the 
total mixture. If the base polymer is a polyamide or a polyester, preferably about 0.2 to 5 weight % polydiorganosiloxane 
is added. Adding an amount of polydiorganosiloxane in the lower portion of this weight % range, approximately 0.2 to 
3 weight %, will provide the processing advantages which are described in detail below. Adding an amount of poly- 
diorganosiloxane in the upper portion of this weight % range, approximately about 0.2 to 5 weight %, will provide the 
end use properties which are described in detail below. 

[0046] The base polymer can also include additives such as pigments, light stabilizers, flame retardants, optical 
brighteners, antistatic agents, surfactants and soil release agents. 

[0047] The modified polydiorganosiloxane and the base polymer are reacted together so that copolymerization or 
bonding occurs between a terminal functional group of the base polymer and the reactive radical or site of the poly- 
diorganosiloxane. Any reaction system can be used to effect the copolymerization such as solution polymerization with 
catalysts or grafting polymerization by coating a polymer substrate with a solution of the polydiorganosiloxane, but the 
preferred system is melt extrusion. The particular reaction conditions at which this copolymerization occurs vary de- 
pending upon the specific reactive groups and base polymers selected. 

[0048] It is important to recognize that the linking group, -L-, must be inert during copolymerization of the polydior- 
ganosiloxane and the base polymer. Accordingly, the linking group, -L-, cannot include any functionality which would 
react with the terminal group of the base polymer because such a reaction would result in the cleavage of the reactive 
radical, R 3 , from the polydiorganosiloxane. For example, the linking group cannot include an ester linkage because an 
ester would react with the amine terminal group of polyamide base polymer or with the carboxyl terminal group of a 
polyester base polymer. 

[0049] In the case of melt extrusion, the extrusion temperature should be about 10 to 50°C, preferably 10 to 30°C, 
higher than the melting point of the base polymer The extrusion can be carried out in either a single or twin screw 
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extruder. The polydiorganosiloxane and the base polymer can be preblended in that chips or pellets of the polydior- 
ganosiloxane and the base polymer can be mixed prior to melting. Alternatively, an on-line addition can be used in that 
the polydiorganosiloxane is added to the already molten base polymer. The following examples illustrate the process 
used to produce the copolymers of the present invention. 

5 

Copolymerization via Reactive Extrusion - Polyamide Example 

[0050] Nylon 6 chips are dry blended with 3 weight % (based on the weight of the total mixture) of liquid polydiorga- 
nosiloxane additive C (see Table A). The resultant blend is dried at 80-1 20°C in a vacuum oven for 16 hours. The blend 
w is cooled, tumbled again for 5 minutes and fed into a hopper of a twin screw extruder. Melt extrusion is carried out at 
250-270°C and the extrudate is pulled into strands, quenched in a water trough and pelletized. The pellets are dried 
in a vacuum oven at 80-1 20°C for 16 hours. After this extrusion procedure, the epoxy groups of the modified polydior- 
ganosiloxane have bonded with the terminal groups of the nylon 6 chains. 

[0051 ] To obtain a fiber, the pellets produced by the extrusion procedure are fed into a hopper of a twin screw extruder 
75 which has a continuous nitrogen flow and re-melted. During this re-melting any unreacted polydiorganosiloxane may 
react with the nylon 6. The molten polymer leaving the extruder is fed into a metering pump, a filter pack and then 
through a spinneret. The extruding and spinning steps take place at 250-270°C. The fiber produced from the spinneret 
is drawn and jet textured according to conventional procedures. The draw ratio is 2.8:1 . 

20 Copolymerization via Reactive Extrusion - Polyester Example 

[0052] PET chips are dry blended with 3 weight % (based on the weight of the total mixture) of liquid polydiorganosi- 
loxane additive A (see Table A). The resultant blend is dried overnight at 160°C and then extruded on a twin screw 
extruder at 290°C. The extrudate is pulled into strands, quenched in a water bath, pelletized, and dried at 160°C in a 
25 vacuum oven. After this extrusion procedure, the epoxy groups of the modified polydiorganosiloxane have bonded with 
the carboxylic acid terminal groups of the PET chains. 

[0053] To obtain a fiber, the pellets produced by the extrusion procedure are fed into a hopper of a twin screw extruder 
and re-melted at 290°C. The molten polymer leaving the extruder is fed into a metering pump, a filter pack and then 
through a 32 hole, round cross-section, spinneret. The spinning temperature is 290 °C and a heated sleeve is placed 
30 around the spinneret. The fiber produced from the spinneret is drawn at a 6:1 draw ratio. 

Evaluation - Polyamide Examples 

[0054] As mentioned previously, an important advantage associated with having a polydiorganosiloxane additive 
35 bonded to a base polymer relates to the processing of the base polymer into useful intermediate products such as 
fibers. The fibers are then constructed into end products such as carpet, tire cord or seat belts. During this subsequent 
processing of the fiber, the fiber surface frequently contacts metal surfaces causing friction which results in processing 
difficulties. Accordingly, it is desirable to reduce the fiber/metal interface friction as much as possible. The present 
invention achieves this reduction in fiber/metal friction due, in part, to the lubricity generated by the polydiorganosiloxane 
40 additive which, though securely attached to the base polymer, tends to migrate to the surface of the fiber. Because the 
polydiorganosiloxane additive is attached to the base polymer via the reactive formation of the copolymer, the poly- 
diorganosiloxane does not exude out of the fiber and, therefore, the level of lubricity is not lost during subsequent 
processing. 

[0055] Tests according to ASTM D3108 were performed on a series of nylon 6 multifilament fiber samples to deter- 
45 mine their fiber/metal interface friction. Example 1 is a control sample of nylon 6 which does not include the polydior- 
ganosiloxane additive. In Examples 2-7, the previously described polydiorganosiloxane additives (see Table A) were 
added to nylon 6 at the loading levels indicated in Table 1 and a copolymer filament was formed according to the melt 
extrusion process set forth above. The multifilament fibers of Examples 1-7 have round cross-sections and comprise 
70 filaments each. The fiber sample, under a pre-tension of 40 g, was wrapped 180° around the surface of a 1/2 inch 
so diameter stainless steel rod having a surface roughness of RMS 5 and conveyed at rates of 50, 100 and 200 meters/ 
minute over the surface of the rod. The fiber/metal friction was measured on a Rothschild friction meter and the data 
is presented in Table 1 . 

[0056] This data clearly shows that the samples (Examples 2-7) which contain the polydiorganosiloxaneAiylon co- 
polymer according to the present invention exhibit a much lower fiber/metal friction than the control sample (Example 
55 1 ) which has not been modified to include the copolymer. Since the fiber/metal friction is lower, the fiber-forming polymer 
will flow more freely through any subsequent fiber processing apparatus. 

[0057] To confirm that the surface of the fibers are indeed modified by the presence of the migrated polydiorganosi- 
loxane, the free fall contact angles of the nylon 6 fiber samples were measured according to the Wilhelmy method. 
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The Wilhelmy method is well known and involves introducing a single filament sample 1 into a beaker containing water 
2, withdrawing the filament 1 from the water, and measuring the angle 9 between the moving filament 1 and the curved, 
continuous layer or film of water 3 adhered to the surface of the filament as shown in Figure 1 . The single filaments 
tested were obtained immediately after leaving the spinerette and before finish was applied. The significance of this 

5 test is that polydimethylsiloxane alone exhibits a free fall contact angle of 1 05°; unmodified nylon 6 (Example 1 ) exhibits 
a free fall contact angle of 70°. The free fall contact angle of each of the modified nylon 6 samples (Examples 2-7) is 
at least about 75°, preferably at least about 80°. Since the free fall contact angle of the modified nylon 6 samples 
(Examples 2-7) is higher than 70° , this indicates that the polydiorganosiloxane is on the surface of the fiber and is 
driving the free fall contact angle closer to 105°. 

10 [0058] To test the enhanced flow characteristics of the fiber-forming polymer, the pot pressure (the pressure differ- 
ential existing at the entrance to the filter between the metering pump and the spinneret) was measured during the 
production of the nylon 6 samples and the results are shown in Table 1 . All the samples were measured at a polymer 
throughput of 23 grams/minute. The pot pressures for the samples containing a copolymer according to the invention 
are markedly lower than for the control samples which do not include the copolymer. Since less pressure needs to be 

75 applied by the metering pump to force the same amount of fiber-forming polymer through the apparatus, the friction 
between the fiber-forming polymer and the metal surfaces of the processing apparatus must be less for the samples 
containing the inventive copolymer. This apparent reduction in the viscosity of the polymer during processing is most 
likely caused by the presence of the silicon at the outer edge of the molten polymer. Operating at a lower pot pressure, 
of course, reduces the cost of manufacturing the fiber. 

20 [0059] A further surprising advantage associated with the copolymer of the invention is that it allows spun fibers to 
be drawn and/or textured without the need for application of a separate finish or with an amount of finish lower than 
that conventionally employed, which conventional amount is typically 0.8 weight % measured as the total amount of 
solids of the finish on the fiber or yarn, based on the weight of the fiber or yarn (known as "FOY"). 
[0060] By "finish" is meant a composition which is conventionally applied to fibers (or the yarns produced from the 

25 fibers) during and/or after spinning to provide various characteristics to the fiber. Finishes can be applied by a number 
of well known methods including padding (immersion in the finish solution followed by squeezing to remove the excess), 
immersion in the finish solution, passage of the fiber or yarn over rollers which are coated with the finish solution, 
spraying, printing, foam application and vapor techniques. These methods all generally involve the application of the 
finish to the fiber or yarn in a liquid state and then removal of the liquid component of the finish (which removal is 

30 referred to herein as "drying") so that only solid components of the finish remain on the fiber. The drying of the finish- 
coated fiber usually is accomplished by subjecting the same to heat and/or a stream of pressurized gas such as air. 
[0061] In general, any finish composition can be used in connection with this invention. Numerous finish compositions 
are known and typical components of such compositions are described, for example, in Needles, Textile Fibers, Dyes, 
Finishes, and Processes, pp. 193-211 (Noyes Publications 1986). The finish can be oil or water-based but is usually 

35 an aqueous emulsion or solution. Particularly common are oil-in-water emulsions which include a lubricant, an antistatic 
agent and an emulsifier. The lubricant and/or antistat is included in the finish to protect the spun fiber from fusion or 
breakage by controlling the fiber/metal friction between the fiber and the subsequent processing apparatus such as 
the machine guides, rollers, draw plates and texturing elements.- Examples of oil-in-water emulsion finishes are de- 
scribed in U.S. Pat. Nos. 4,859,350; 4,800,117; 4,767,646; 4,816,336; and 4,725,371, all incorporated herein by ref- 

40 erence. Another example of a possible component is a cohesive agent which can promote cohesion between the 
individual fibers to enhance the gathering of the fibers into a yarn bundle. Additional optional or auxiliary components 
include pH control agents, antioxidants, viscosity modifiers, wetting agents, bacteriocides and anticorrosive agents. 
[0062] To demonstrate that a finish is not required for a yarn made of fibers that includes a copolymer according to 
the invention, a finish was applied to control Example 8 and to inventive Examples 9-11 . The composition of the finish 

45 was 50 wt. % triglycerides of coconut oil, 40 wt. % ethoxylated castor oil and 10 wt. % ethoxylated phosphated alcohol. 
A finish was not applied to control Example 12 and inventive Examples 13-15. Control Examples 8 and 12 are nylon 
6 multifilament fibers (70 filaments) which do not include a polydiorganosiloxane additive. In Examples 9-11 and 1 3-15, 
the indicated polydiorganosiloxane additive has been copolymerized with nylon 6 to form multifilament fibers (70 fila- 
ments) according to the melt extrusion example set forth above. The fibers of Examples 8-15 have a Y-shaped cross- 

50 section. Of course, the invention encompasses a fiber (or yarn) that includes the polydiorganosiloxane/base polymer 
copolymer even though a finish has been applied to the fiber (or yarn). This data is presented simply to show that a 
finish is not necessary. 

[0063] With reference to Table 2, as expected the fiber/metal friction for the control Example 1 2 which did not include 
a finish is much higher, 1 80 g to 1 50 g, compared to the control Example 8 which did include a finish. Inventive Examples 
55 13-15 which did not include a finish, however, remarkably demonstrated fiber/metal frictions (110, 106 and 101 g, 
respectively) even lower than the 150 g for the finished control Example 8. In fact, the fiber/metal frictions for Examples 
13-15 are lower than those for the inventive Examples 9-11 which did include a finish. It is important to note, though, 
that the fiber/metal frictions are lower for inventive Examples 9-11 than for control Example 8, indicating that inclusion 
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of the copolymer significantly towers the fiber/metal friction even if a finish is applied to the fibers. 
[0064] In the case where a certain amount of finish is desired, the present invention allows for the use of a smaller 
amount of finish, specifically about 0.3 or less weight % FOY, than used conventionally because of the lower fiber/ 
metal friction. One consequence of being able to produce polyamide fiber with a reduced amount of finish concerns 
5 the soiling resistance of the fiber, which is an important consideration when the polyamide fibers are used in carpet. 
To evaluate soiling, three different nylon 6 fiber carpets were prepared. 

[0065] In inventive Example 20 a masterbatch was formulated by blending 2 weight % polydiorganosiloxane additive 
C with nylon 6, drying the blend in a vacuum oven at 80°C for 1 6 hours, extruding the dried blend on a 2 cm (0.8 inch) 
Welding Engineers twin screw extruder, quenching the extrudate ribbons in water and pelletizing the quenched ribbons. 

10 The pellets were again dried in a vacuum oven at 80°C to less than 0.04% water content. 54 kg (120 lbs.) of these 
masterbatch pellets were blended with 441 kg (971 .94 lbs.) nylon 6, 74.29 lbs. silver pigment concentrate and 15 kg 
(33.77 lbs.) flame retardant concentrate. The resulting chip blend was extruded and spun into a 50 filament fiber having 
a total denier of 1250. A finish, having the same composition as applied to Examples 8-11 , was applied to this fiber, 
which was then drawn, textured and tufted into level-loop carpet. The resulting carpet was cut into 23 cm (9 inch) x 36 

'5 cm (14 inch) samples. 

[0066] In inventive Example 21 , the process for Example 20 was repeated except 5 weight % of polydiorganosiloxane 
additive C was added to make the masterbatch pellets. 

[0067] In comparative Example 22, fiber from nylon 6, a pigment concentrate and a flame retardant concentrate, and 
carpet containing this fiber, was made along the same lines as in Example 20 except that the potydiorganosiloxane- 

20 containing masterbatch pellets were not added. 

[0068] Soiling of the carpets was evaluated as follows: Approximately 20 g of a soil mixture is placed on loop pile 
carpets positioned on each side of each 23 cm (9 inch) x 36 cm (1 4 inch) carpet sample. The soil is transferred by foot 
onto the carpet samples. The carpet samples are walked on for 1700 treads which is sufficient to imbed the soil but 
not cause texture change, which would impact apparent soiling. The soil mixture is prepared by ball milling a mixture 

25 of sand (32.5 wt.%), top soil (65.0 wt.%) and mineral oil (2.5 wt.%). The soiled samples are vacuumed (4 passes) with 
an upright beater bar vacuum prior to soiling measurements. 

[0069] The degree of soiling was determined by the color difference, represented as dE(CIELAB), between the carpet 
samples prior to soiling and the carpet samples after soiling as calculated according to ASTM D2244-85. The color of 
the carpet samples was measured according to ASTM E308-85, using a Pacific Scientific color machine, a viewing 

30 geometry of 4570°, an observer angle of 10°, a D65 lighting source and a 10nm wavelength interval. 

[0070] As shown in Table 4 and Figure 3, as the amount of finish, measured as weight % of total solids of the finish 
on the fiber ("FOY"), is decreased the soiling level of the carpet samples decreased, i.e., dE decreased. In particular, 
the soiling performance of the carpet samples made from fibers having a level of finish below the conventional level 
of about 0.8 % FOY - Example 20 having a % FOY of 0.19, Example 21 having a % FOY of 0.22, and Example 21 

35 having a % FOY of 0.24 - show superior soiling resistance. Although carpets may be made using these low finish levels 
on the conventional fibers of Example 22, unacceptable static and fiber f rictional properties would interfere substantially 
with continuous fiber-to-carpet processing. Accordingly, these conventional fibers would require additional finish re- 
sulting in inferior soiling resistance. 

[0071] The modulus, tenacity, ultimate elongation and total shrinkage data also presented in Tables 1 and 2 show 
40 that the addition of the polysiloxane does not deteriorate the physical properties of the nylon 6 base polymer. 

Evaluation - Polyester Examples 

[0072] Tests were performed to confirm that polyester copolymerized with a modified polydiorganosiloxane also 
45 would exhibit the processing advantages shown to exist with polyamide. A control sample of PET multifilament (64 
filaments) was produced and is labeled Example 16 in Table 3. In inventive Examples 17-19, the polydiorganosiloxanes 
were added to PET at the loading levels indicated in Table 3 and a multifilament copolymer fiber (64 filaments) was 
formed according to the melt extrusion process set forth above. Pot pressure and free fall contact angle tests as de- 
scribed previously were performed on Examples 16-19 and the results are listed in Table 3. It can be seen that the pot 
so pressure of the samples which include the PET/polydiorganosiloxane copolymer are lower than the control sample, 
thus indicating that the polydiorganosiloxane acts to reduce the polymer/metal surface friction during processing of the 
polymer. The increase in the free fall contact angle confirms that the polydiorganosiloxane has indeed migrated to the 
fiber surface. 

[0073] A further advantage of the present invention is that the presence of the copolymer assists in preventing the 
55 degradation of the molecular weight of the base polymer during processing. This feature is of particular importance 
with respect to the processing of polyester since polyester is more susceptible to molecular weight degradation. Three 
different tests were performed to confirm that the addition of a modified polydiorganosiloxane to a polyester (in this 
instance PET) assists in preventing the degradation of the molecular weight of the PET during processing. 
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[0074] The first test measured the number of free carboxyl terminal groups (in units of microequivalents/g) in Exam- 
ples 16-19 present in the polymer at three stages - the original PET base polymer chips prior to addition of the poly- 
diorganosiloxane and the first extrusion step of the process described above, the chips after the first extrusion step, 
and the polymer resulting after the second extrusion step (the free fall value). By "free carboxyl terminal groups" are 
5 meant the acid group, 

0 
it 

- C - OH 

10 

the concentration of can be calculated according to Pohl's Method described in Analytical Chemistry, Vol. 26, page 
1614, October 1954. In particular, the concentration is determined by dissolving the polyester in a 70/30 o-cresol/ 
chloroform mixture and titrating the solution with 0.05N KOH in methanol. The end point is determined potentiometri- 
cally. It was determined that the original PET chips had a carboxyl terminal group concentration of 20.2 meq/g. The 

is results for the concentration of carboxyl terminal groups in the extruded chips and the polymer after processing are 
shown in Table 3. As expected, the number of carboxyl terminal groups increases at each stage of the processing 
indicating the occurrence of degradation. What is important, however, is that the amount of increase for the Examples 
17-19 which include the polydiorganosiloxane additive is significantly less compared to the control Example 16. To 
emphasize this fact, the change in carboxyl group concentration between the original PET chips and the polymer after 

20 processing (free fall) is titled ACOOH and listed in Table 3. The carboxyl terminal group concentration in the control 
Example 16 increased by 33 meq/g, but the increase for the inventive Examples 1 7-1 9 was less than 20 meq/g. Since 
an increase in the number of carboxyl groups reflects degradation of the PET, the degree of degradation of PET which 
includes the polydiorganosiloxane is lower than PET without the polydiorganosiloxane. 

[0075] The second test measured the intrinsic viscosity (I.V.) of Examples 16-19 at the same processing stages as 
25 in the carboxyl terminal group measurements. By the phrase "intrinsic viscosity" it is meant to describe the reduced 
viscosity of the polymer at zero concentration, which may be determined by measuring the flow times of a polymer 
solution after successive dilutions with fresh solvent, calculating the reduced viscosities, and extrapolating a plot of 
the reduced viscosities against concentration to zero concentration. The reduced viscosity is obtained from the ex- 
pression: 

30 

Flow time of polymer solution 



Flow time of solvent 




where c is the concentration expressed as grams of polymer per 100 milliliter of solvent (g/dl). As used herein, the 
intrinsic viscosity was measured at 25°C, using a 60/40 mixture of phenol and tetrachloroethane as a solvent in a 

40 modified Ostwald viscometer. 

[0076] The original PET chip displayed an I.V. of 0.95 g/dl. Since a lower I.V. indicates a greater amount of polymer 
degradation, the I.V results displayed in Table 3 further confirm that the copolymer of the invention helps to offset 
polymer degradation during processing. Again, the difference between the I.V of the original PET chip and the free 
fall I.V of the polymer after the second extrusion step (titled Al.V in Table 3) is significantly less for the inventive 

45 Examples 1 7-1 9 compared to control Example 1 6. 

[0077] A third test was performed according to ASTM D3835 to measure the melt viscosities of a control PET sample 
(Example 20) and three inventive samples (Examples 21-23). 3 weight % polydiorganosiloxane A was reacted with 
PET in Example 21, 3 weight % polydiorganosiloxane B was reacted with PET in Example 22, and 1 weight % poly- 
diorganosiloxane B was reacted with PET in Example 23. The results of these measurement are graphically depicted 

so jn Figure 2. The inventive samples clearly exhibited a lower melt viscosity. Indeed, the control sample Example 20 has 
a melt viscosity around 5000 poise in contrast to the melt viscosities of the inventive samples, all of which are below 
4000 poise. A reduction in melt viscosity is an advantageous processing aid because it allows for the possibility of 
spinning at a lower temperature with a reduced tendency towards degradation. 

[0078] It is presumed that a primary reason why the copolymer of the invention counteracts degradation of the base 
55 polymer during processing is the "chain extension" effect caused by the reaction of the base polymer with the poly- 
diorganosiloxane. When the base polymer reacts with the polydiorganosiloxane a comb polymer structure is formed 
wherein the polydiorganosiloxane chain serves as a connector for a plurality of the base polymers chains. This structure 
allows the connected base polymer chains to act as essentially one chain and give the appearance of an increase in 
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the molecular weight of the base polymer. 

[0079] From the foregoing description, one skilled in the art can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and scope thereof, can make various changes and modifications of the 
invention to adapt it to various usages and conditions. 



TABLE 1- NYLON 6 (ROUND CROSS -SECTION) 



Example 


Additive 


Weight 
(%) 


Pot. 

Temp. 

°C 


Pot 

Press lO^Pa 

(psi) 


Free 
Fall 
Contact 
Angle 
(H.O- 0 ) 


1 (control) 




0 


261 


169(2450) 


70 


2 


A 


2 


261 


132(1915) 


81 


3 


B 


1 


264 


136(1970) 


81 


4 


B 


2 


261 


73(1060) 


80 


5 


B" 


3 


261 


116(1960) 


80 


6 


C 


1 


261 


154(2240) 


77 


7 


C 


2 


261 


145(2100) 


87 



30 



TABLE 1 - NYLON 6 (ROUND CROSS -SECTION) (cont.) 


Exarole 


Denier 


Modu- 
lus 

(q/d) 


Tenacity 


Ultimate 
Elonga. 

■ft) 


Total 
Shrink, 
ft) 


Fiber/Me ta] 
Friction 

(Mfcfltift) 


1 (control) 


1480 


8.02 


2.4 


63.4 


9.1 


250 


2 


1436 


7.79 


2.9 


85.5 


7.7 


109 


3 


1475 


8.2 


2.4 


79.7 


8.9 


108 


4 


1429 


8.14 


3.0 


79.8 


6.7 


106 


5 


1450 


8.00 


2.9 


80.9 


7.3 


98 


6 


1431 


7.18 


2.7 


78.0 


9.1 


97 


7 


1399 


8.16 


2.7 


75.4 


9.3 


96 



55 
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TABLE 2 NYLON 6 Y CROSS -SECTION 


Examole 


(3 wt.%) 


Finish 
(wt.%) 


Pot. 


Pot 

ricsa Iv la 

(psi) 


Free 
Fall 
Contact 

(H,0-°) 


8 (control) 


- 


0.95 


248 


1 176(2560) 


70 


9 


A 


1.05 


247 


147(2130) 


80 


10 


B 


1.14 


247 


143(2080) 


81 


11 


C 


1.13 


250 


■ 116(1690) 


87 


12 (control) 






250 


172(2490) 


70 


13 


A 




247 


149(2160) 


80 


14 


B 




250 


134(1950) 


81 


15 


C 




248 


114(1650) 


87 



TABLE 2 -NYLON 6 (Y CROSS -SECTION) (coat. ) 


Exairole 


, flenier 


Modulus 


Tenacity 


Ultimate 
Elongatior 

( % ) 


Tt>tal 
i Shrink. 
{%) 


Fiber/Me ta: 
Friction 
(grams) 


8 (control) 


1110 


5.56 


2.3 


95.6 


7.3 


150 


9 


1097 


5.22 


2.2 


87.4 


9.2 


130 


10 


1074 


6.17 


2.3 


96.5 


8.7 


124 


11 


1073 


5.12 


2.0 


98.9 


7.7 


124 


12 (control) 












180 


13 


1017 


6.96 


2.5 


88.7 


6.9 


110 


14 


1005 


6.37 


2.7 


82.2 


6.8 


106 


15 


1035 


5.53 


2.4 


95.7 


6.3 


101 
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10 



15 



Example 
16 

(control) 

17 

ia 

19 



TABLE 3 - PET 

Free Fal " 
Pot. Pot ?r 10 5 Pa Contact 

Additive wt V Denier Temp.(°c) (psi) Angle t°] 



a 

A 

C 



586 

564 
707 
602 



290 



196(2850) 



290 173(2510) 
290 67(970) 
290 85(1240) 



77.2 

84.9 
83.1 
88.0 



20 



25 



30 



35 



40 



TABLE 3 - PET (coat.) 



Example 

16 

(control) 

17 

18 

19 



Chip 
I.V. 



1.047 
0.791 
0.822 



Chip 
[-COOH] 



12.92 
22.70 
21.04 



Free 
Fall 
I.V. 



0.879 26.98 0.588 



0.701 
0.639 
0.707 



Free 
Fall 
[-COOHJ 

S3. 2 



31.38 
38.37 
31.76 



aI.V. 
0.362 

0.249 
0.311 
0.243 



a[-COOH] 
33 

11.18 
18 .17 
11.56 



45 



50 



55 



TABLE 4 





% FOY 


SOILING dE 


% ADDITIVE C 


EXAMPLE 20 


.19 


5.30 


0.2 




.91 


8.57 


0.2 




.95 


8.38 


0.2 


EXAMPLE 21 


.22 


5.18 


0.5 




.24 


5.49 


0.5 




.84 


8.23 


0.5 




.94 


9.49 


0.5 



20 



EP 0 703 938 B1 

TABLE 4 (continued) 





% FOY 


SOILING dE 


% ADDITIVE C 


EXAMPLE 22 


.43 


7.09 


0 




.59 


7.39 


0 




.80 


8.57 


0 




.87 


8.13 


0 



Claims 

1. A copolymer of a polydiorganosiloxane and a base polymer comprising a structure represented by the following 
formula A: 



Ri R, 
I I 
Ri-Si-0 (-Si-O-) 
I I 
Ri R, 



z 

I 

R* 

i 

L 



(-Si-0-) y -(-Si-0-)w-Si-R, 

' i I 

L R, 
i 

R 2 



L 

i 

Rj 

i 

Z 



(A) 



wherein each of 



Rt is the same or different and is selected from the group consisting of alkyl, aryl, cycloalkyl, aralkyl, fluoroalkyl, 
perfiuoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl 
ether and perfluoroaryl ether; 

L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 
fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, 
alkylene ether, arylene ether perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, aminoarylene, 
amino cycloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, 
amino perfluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido arylene, 
amido cycloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluoroarylene, 
amido perfluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto arylene, keto 
cycloalkylene, keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, keto perfluor- 
oarylene, keto fluoroaralkylene and keto perfluoroaralkylene; 

Z is a base polymer chain attached to R 2 through a terminal or a pendant functional group selected from 
carboxyl, amino and hydroxyl groups; 

R 2 is a bonding group derived from a precursor selected from the group consisting of epoxy, isocyanate, 

blocked isocyanate, oxazoline, carbodimide, anhydride and caprolactim ether; 

x is 0 to 2000; 

y is 2 to 20; 

w is 0 to 20, and the 
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(- Si - 0 -)«■ 

R. 



I 



R 2 

! 

L 



- (- Si - 0 - ) y - , and - (- Si - 0 - ) w - 

1 j 
L L 

I i 
R 2 R2 



units of formula A are arranged in a random or a block structure. 



A copolymer of a polydiorganosiloxane and a base polymer comprising a structure represented by the formula A 
defined in claim 1 wherein R v L, Z, R 2 and x are defined in Claim 1, y is 0 to 20, w is 1 to 20 and the units of 
formula A are arranged as defined in claim 1 . 



A copolymer according to claim 1 or claim 2 wherein R 2 is selected from the group consisting of epoxy, blocked 
isocyanate and anhydride. 



A copolymer according to claim 1 or claim 2 wherein Z is selected from the group consisting of polyamide, polyester, 
polyurea, polyimide, polycarbonate, polyether, polyarylate, polyolefin, polyether ester, telechelicfunctionalised pol- 
ystyrene and telechelic functionatised polyolefin. 



A polydiorganosiloxane-modified base polymer comprising a plurality of polymer chains having a terminal or a 
pendant functional group selected from carboxyl, amino and hydroxyl groups, wherein at least one of the polymer 
chains forms a copolymer with a polydiorganosiloxane, the polydiorganosiloxane having a structure represented 
by the formula B: 



Ri 



Rt 
i 



Ri 

i 

■ Si-0- (-Si-0- 



I 

R, 



i 

R. 



R. 

1 

) x- (-Si-0-) y - 

L 

i 

R 3 



R 3 
i 



(-Si-0-) 



R 3 



R. 

i 

-Si-R, 

i 

R. 



(B) 



wherein each of 



R 1 is the same or different and is selected from the group consisting of alkyl, cycloalkyl, aryl, aralkyl, fluoroalkyl, 
perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl 
ether and perfluoroaryl ether; 

L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 
fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, 
alkylene ether, arylene ether, perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, amino 
arylene, amino cycloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluor- 
oarylene, amino perfluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido 
arylene, amido cycloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluor- 
oarylene, amido perfluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto 
arylene, keto cycloalkylene, keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, 
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keto perfluoroalkylene, keto fiuoroaralkylene and keto perfluoroaralkylene; 

R 3 is a radical selected from the group consisting of epoxy, isocyanate, blocked isocyanate, oxazoline, car- 
bodimide, anhydride and caprolactim ether; 
x is 0 to 2000; 
s y is 2 to 20; 

w is 0 to 20; and the 



10 



15 



R, 
i 

(- Si - 0 -) ; 
I 

R. 



(- Si . 

I 

L 
i 

R 3 



R 3 



I 



0 -)y . and Si - 0 -) , 
i 

L 

t 

R 3 



20 

units of formula B are arranged in a random or a block structure. 

6. A polydiorganosiloxane-modified base polymer comprising a plurality of polymer chains having a terminal or a 
pendant functional group selected from carboxyl, amino and hydroxyl groups, wherein at least one of the polymer 

25 chains forms a copolymer with a polydiorganositoxane, the polydiorganosiloxane having a structure represented 

by the formula B defined in claim 5, wherein R, L Z, R 3 and x are defined in claim 1 , y is 0 to 20, w is 1 to 20, and 
the units of formula B are arranged as defined in claim 5. 

7. A polydiorganosiloxane-modified base polymer according to claim 5 or claim 6 wherein the polymer chains com- 
30 prise a polyamide or a polyester. 

8. A polydiorganosiloxane-modified base polymer according to claim 5 or claim 6, wherein the base polymer is in the 
form of a polymeric fibrous structure. 

35 9. a process for modifying a base polymer by incorporating a polydiorganosiloxane into a base polymer comprising 
the steps of: 

(a) contacting a base polymer having a terminal or a pendant functional group selected from carboxyl, amino 
and hydroxyl groups with a polydiorganosiloxane having a structure as defined in claim 5 or claim 6; and 
40 (b) subjecting the resultant base polymer/polydiorganosiloxane combination to a reactive condition so that a 

chemical bond forms between the terminal or pendant functional group of the base polymer and R3 of the 
polydiorganosiloxane. 

10. A process for forming a polydiorganosiloxane-modified polymeric fibrous structure comprising a plurality of polymer 
45 chains, the process comprising the steps of: 

(a) mixing a plurality of base polymer chains, each chain having at least one terminal or pendant functional 
groups selected from a carboxyl, amino and hydroxyl groups, with a polydiorganosiloxane having a structure 
as defined in claim 5 or claim 6; 
so (b) melt extruding the resultant mixture to form a fibrous structure and chemically bond R3 and the terminal 

or pendant functional group of at least one of the base polymer chains. 

11. A process according to claim 10, wherein step (b) comprises a first melt extrusion of the resultant mixture to form 
pellets and a second melt extrusion of the pellets to form the fibrous structure. 

55 

12. A process according to claim 10, wherein the base polymer chains are selected from the group consisting of 
polyamide and polyester. 
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Patentanspruche 

1. Copolymer aus einem Polydiorganosiloxan und einem Grundpoiymer mit einer Struktur entsprechend der nach- 
stehenden Formel A: 







z 

1 








R 2 




R> Ri 
I i 


?• 

(-Si-O-), 
1 


i 

L 


Ri 


R,-Si-0 (-Si-O-) , - 
I ' 
Ri Ri 


- C-Si-O-) - 


1 

- Si-R, 
I 


L 


i 

L 


R. 




i 

Rj 
i 

z 


i 

Rj 

I 






Z 





(A) 



worin 

jeweils gleich oder verschieden ist und Alkyl, Aryl, Cycloalkyl, Aralkyl, Fluoralkyl, Perfluoralkyl, Fluoraryl, 
Perfiuoraryl, Fluoraralkyl, Perfluoraralkyl, Alkylether, Arylether, Perfluoralkylether und Perfluorarylether be- 
deutet, 

Lfur ein zweiwertiges Verbruckungsglied der Bedeutungen Alkylen, Arylen, Cycloalkylen, Aralkylen, Fluoral- 
kylen, Perfluoralkylen, Fluorarylen, Perfluorarylen, Fluoraralkylen, Perfluoraralkylen, Atkylenether, Arylene- 
ther, Perfluoralkylen ether, Perfluoraralkylenether, Aminoalkylen, Aminoarylen, Aminocycloalkylen, Aminoaral- 
kylen, Aminofluoralkylen, Aminoperfluoralkylen, Aminofluorarylen, Aminoperfluorarylen, Aminofluoraralkylen, 
Aminoperfluoraralkylen, Amidoalkylen, Amidoarylen, Amidocycloalkylen, Amidoaralkylen, Amidofluoralkylen, 
Amidoperfluoralkylen, Amidofluorarylen, Amidoperfluorarylen, Amidofluoraralkylen, Amidoperfluoraralkylen, 
Ketoalkylen, Ketoarylen, Ketocycloalkylen, Ketoaralkylen, Ketofluoralkylen, Ketoperfluoralkylen, Ketofluora- 
rylen, Ketoperfluorarylen, Ketofluoraralkylen und Ketoperfluoraralkylen steht, 

Z eine uber eine end- oder seitenstandige funktionelle Gruppe aus der Reihe der Carboxyl-, Amino- und Hy- 
droxylgruppen an R 2 gebundene Grundpolymerkette bedeutet, 

R 2 fur ein aus einem Vorlaufer aus der Reihe Epoxy, Isocyanat, maskiertes Isocyanat, Oxazolin, Carbodimid, 
Anhydrid und Caprolactimether abgeleitetes Verbindungsglied steht, 
x fur 0 bis 2000, 
y fur 2 bis 20 und 

w fur 0 bis 20 stehen sowie die Einheiten 



24 



EP 0 703 938 B1 



(.Si 



o -)■■ 



Ri 

(. Si 

L 

R: 
i 

Z 



R 2 

i 

L 

i 

) y - und -(• Si - 0 -) 

i 

L 



Rz 



der Formel A statistisch Oder blockformig angeordnet sind. 

Copolymer aus einem Polydiorganosiloxan und einem Grundpolymer mit einer Struktur entsprechend der Formel 
A gema(3 dem Anspruch 1 , worin R-,, L, Z, R 2 und x die in Anspruch 1 genannte Bedeutung haben, y fur 0 bis 20 
und w fOr 1 bis 20 stehen sowie die Einheiten der Formel A wie in Anspruch 1 definiert angeordnet sind. 

Copolymer nach Anspruch 1 oder Anspruch 2, worin R 2 unter Epoxy, maskiertem Isocyanat und Anhydrid ausge- 
wahlt ist. 

Copolymer nach Anspruch 1 oder Anspruch 2, worin Z unter Polyamid, Polyester, Polyharnstoff, Polyimid, Poly- 
carbonat, Polyether, Polyarylat, Polyolefin, Polyetherester, telechelfunktionalisiertem Polystyrol undtelechelfunk- 
tionalisiertem Polyolefin ausgewahlt ist. 

Mit Polydiorganosiloxan modifiziertes Grundpolymer aus mehreren Polymerketten mit einer unter Carboxyl-, Ami- 
no- und Hydroxylgruppen ausgewahlten end- Oder seitenstandigen funktionellen Gruppe, worin mindestens eine 
der Polymerketten mit einem Polydiorganosiloxan ein Copolymer bildet, wobei das Polydiorganosiloxan eine Struk- 
tur entsprechend der Formel B: 



R, 



Ri 



L 

1 i i 



R,-Si-0- (-Si-0-) (Si-Q-) y - (-SW-) »-Si-Ri 
l I ' I I 

Ri Ri L L R, 

i i 



(B) 



aufweist, worin 



R 1 jeweils gleich oder verschieden ist und Alkyl, Cycloalkyl, Aryl, Aralkyl, Fluoralkyl, Perfluoralkyl, Fluoraryl, 
Perfluoraryl, Fluoraralkyl, Perfluoraralkyl, Alkylether, Arylether, Perfluoralkylether und Perfluorarylether be- 
deutet, 

L fur ein zweiwertiges Verbruckungsglied der Bedeutungen Alkylen, Arylen, Cycloalkylen, Aralkylen, Fluoral- 
kylen, Perfluoralkylen, Fluorarylen, Perfluorarylen, Fluoraralkylen, Perfluoraralkylen, Alkylenether, Arylene- 
ther, Perfluoralkylenether, Perfluoraralkylen ether, Aminoalkylen, Aminoarylen, Aminocycloalkylen, Aminoaral- 
kylen, Aminofluoralkylen, Aminoperfluoralkylen, Aminofluorarylen, Aminoperfluorarylen, Aminofluoraralkylen, 
Aminoperfluoraralkylen, Amidoalkylen, Amidoarylen, Amidocycloalkylen, Amidoaralkylen, Amidofluoralkylen, 
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Amidoperfluoralkylen, Amidofluorarylen, Amidoperfluorarylen, Amidofluoraralkyleh, Amidoperfluoraralkylen, 
Ketoalkylen, Ketoarylen, Ketocycloalkylen, Ketoaralkylen, Ketofluoralkylen, Ketoperfluoralkylen, Ketofluora- 
rylen, Ketoperfluorarylen, Ketofluoraralkylen und Ketoperfluoraralkylen stent, 

R 3 fur einen Rest aus der Reihe Epoxy, Isocyanat, maskiertes Isocyanat, Oxazolin, Carbodimid, Anhydrid und 
s Caprolactimether steht; 

x fur 0 bis 2000, 
y fur 2 bis 20 und 

w fur 0 bis 20 stehen sowie die Einheiten 

10 

Ri R, 
i I 
- (- Si - 0 -) «• , - (- Si - 0 .) un d 

15 I ■ 

R. L 

i 

R 3 

20 der Forme! B statistisch oder blockformig angeordnet sind. 

6. Mit Polydiorganosiloxan modifiziertes Grundpolymer aus mehreren Polymerketten mit einer unter Carboxyl-, Ami- 
no- und Hydroxylgruppen ausgewahlten end- oder seitenstandigen funktionellen Gruppe, worin mindestens eine 
der Polymerketten mit einem Polydiorganosiloxan ein Copolymer bildet, wobei das Polydiorganosiloxan eine Struk- 

25 tur entsprechend der Formel B gemaB Anspruch 5 aufweist, worin R, L, Z, R 3 und x die in Anspruch 1 genannte 

Bedeutung haben, y fur 0 bis 20 und w fur 1 bis 20 stehen und die Einheiten der Formel B wie in Anspruch 5 
definiert angeordnet sind. 

7. Mit Polydiorganosiloxan modifiziertes Grundpolymer nach Anspruch 5 oder Anspruch 6, worin es sich bei den 
30 Polymerketten urn ein Polyamid oder einen Polyester handelt. 

8. Mit Polydiorganosiloxan modifiziertes Grundpolymer nach Anspruch 5 oder Anspruch 6, wobei das Grundpolymer 
in Form eines polymeren Fasergebildes vorliegt. 

35 9. Verfahren zur Modifizierung eines Grundpolymers durch Einbau eines Polydiorganosiloxans in ein Grundpolymer 
bei dem man: 

(a) ein Grundpolymer mit einer end- oder seitenstandigen funktionellen Gruppe aus der Reihe der Carboxyl-, 
Amino- und Hydroxylgruppen mit einem Polydiorganosiloxan mit einer Struktur gemaB Anspruch 5 oder An- 

40 spruch 6 in Beruhrung bringt und 

(b) die dabei entstehende Kombination Grundpolymer/Polydiorganosiloxan unter Bildung einer chemischen 
Bindung zwischen der end- oder seitenstandigen funktionellen Gruppe des Grundpolymers und dem Rest R 3 
des Polydiorganosiloxans umsetzt. 

45 10. Verfahren zur Herstellung eines mit Polydiorganosiloxan modifizierten polymeren Fasergebildes aus mehreren 
Polymerketten, bei dem man: 

(a) mehrere jeweils mindestens eine end- oder seitenstandige funktionelle Gruppe aus der Reihe der Car- 
boxyl-, Amino- und Hydroxylgruppen tragende Grundpolymerketten mit einem Polydiorganosiloxan mit einer 

50 Struktur gemaB Anspruch 5 oder Anspruch 6 mischt und 

(b) das erhaltene Gemisch aus der Schmelze zu einem Fasergebilde ausformt, wobei sich der Rest R3 und 
die end- oder seitenstandige funktionelle Gruppe mindestens einer der Grundpolymerketten chemisch ver- 
binden. 

55 11. Verfahren nach Anspruch 10, bei dem man im Schritt (b) das erhaltene Gemisch bei einer ersten Extrusion aus 
der Schmelze zu Granulat und bei einer zweiten Extrusion aus der Schmelze das Granulat zum Fasergebilde 
ausformt. 
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12. Verfahren nach Anspruch 10, bei dem man die Grundpolymerketten unter Polyamid und Polyester auswahlt. 



Revendications 



1 . Copolymere d'un polydiorganosiloxane et d'un polymere de base comprenant une structure representee par la 
formule A suivante : 
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(A) 



dans laquelle chaque 



R 1 est identique ou different et est selectionne dans le groupe constitue d'alkyle, d'aryle, de cycloalkyle, 
30 d'arylalkyle, de fluoroalkyle, de perfluoroalkyle, de fluoroaryle, de perfluoroaryle, de fluoroarylkyle, de perfluo- 

roarylkyle, d'ether d'alkyle, d'ether d'aryle, d'6ther de perfluoroalkyle et d'ether de perfluoroaryle; 
L est un radical de liaison divalent selectionne dans le groupe constitue d'alkylene, d'arylene, de cycloalkylene, 
d'arylalkylene, de fluoroalkylene, de perfluoroalkylene, de fluoroarylene, de perfluoroarylene, de fluoroarylalk- 
ylene, de perfluoroarylalkylene, d'ether d'alkylene, d'ether d'arylene, d'ether de perfluoroalkylene, d'ether de 
35 perfluoroarylalkylene, d'alkylene amine, d'arylene amine, de cycloalkylene amine, d'arylalkylene amine, de 

fluoroalkylene amine, de perfluoroalkylene amine, de fluoroarylene amine, de perfluoroarylene amine, de fluo- 
roarylalkylene amine, de perfluoroarylalkylene amine, d'amide d'alkylene, d'amide d'arylene, d'amide de cy- 
cloalkylene, d'amide d'arylalkylene, d'amide de fluoroalkylene, d'amide de perfluoroalkylene, d'amide de fluo- 
roarylene, d'amide de perfluoroarylene, d'amide de fluoroarylalkylene, d'amide de perfluoroarylalkylene, de 
40 cetoalkylene, de cetoarylene, de cetocycloalkylene, de cetoarylatkylene, de cetofluoroalkylene, de cetoper- 

fluoroalkylene, de cetofluoroarylene, de cetoperfluoroarylene, de cetofluoroarylalkylene, et de cetoperfluoroa- 
rylalkylene; 

Z est une chaine de polymere de base attachee au R 2 au moyen d'un groupement fonctipnnel terminal ou 
pendant selectionne parmi des groupements carboxyle, amine et hydroxyle; 
45 R 2 est un groupement de liaison derive d'un precurseur selectionne dans le groupe constitue d'epoxy, d'iso- 

cyanate, d'isocyanate bloque, d'oxazoline, de carbodiimide, d'anhydride et d'ether de caprolactime; 
x est 0 a 2000; 
y est 2 a 20; 
w est 0 a 20, et les 
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unites de formule A sont arranges en une structure en blocs ou aieatoire. 

Copolymere d'un polydiorganosiloxane et d'un polymere de base comprenant une structure representee par la 
formule A definie dans la revendication 1, dans laquelie R 1( L, Z, R 2 et x sont definis dans la revendication 1, y 
est 0 a 20, w est 1 a 20 et les unites de formule A sont arrangers comme defini dans la revendication 1 . 

Copolymere suivant la revendication 1 ou la revendication 2, dans lequel R2 est selectionne dans le groupe cons- 
titue d'epoxy, d'isocyanate bloque et d'anhydride. 

Copolymere suivant la revendication 1 ou la revendication 2, dans lequel Z est selectionne dans le groupe constitue 
de polyamide, de polyester, de polyuree, de polyimide, de polycarbonate, de polyether, de polyarylate, de polyo- 
I6fine, de polyetherester, de polystyrene a f onctionnaiite teiecheiique et de polyolefine a fonctionnalite teiecheiique. 

Polymere de base modifie par un polydiorganosiloxane comprenant une pluralite de chaines polymeres ayant un 
groupement fonctionnel terminal ou pendant selectionne parmi des groupements carboxyle, amine et hydroxyle, 
dans lequel au moins une des chaines polymeres forme un copolymere avec un polydiorganosiloxane, le poly- 
diorganosiloxane ayant une structure representee par la formule B : 
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(B) 



dans laquelie chaque 

R-, est tdentique ou different et est selectionne dans le groupe constitue d'alkyle, de cycloalkyle, d'aryle, 
d'arylalkyle, de fluoroalkyle, de perfluoroalkyle, de fluoroaryle, de perfluoroaryle, de fluoroarylalkyle, de per- 
fluoroarylalkyle, d'ether d'alkyle, d'ether d'aryle, d'ether de perfluoroalkyle et d'ether de perfluoroaryle; 
L est un radical de liaison divalent selectionne dans le groupe constitue" d'alkylene, d'arylene, de cycloalkylene, 
d'arylalkylene, defluoroalkylene, de perfluoroalkylene, de fluoroarylene, de perfluoroarylene, de fluoroarylalk- 
ylene, de perfluoroarylalkylene, d'ether d'alkylene, dither d'arylene, d'ether de perfluoroalkylene, d'ether de 
perfluoroarylalkylene, d'alkylene amine, d'arylene amine, de cycloalkylene amine, d'arylalkylene amine, de 
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fluoroalkylene amine, de perfluoroalkylene amine\ de fluoroarylene amine, de perfluoroarylene amin6, de fluo- 
roarylalkylene amine, de perfluoroarylalkylene amine, d'amide d'alkylene, d'amide d'arylene, d'amide de cy- 
cloalkylene, d'amide d'arylalkylene, d'amide de fluoroalkylene, d'amide de perfluoroalkylene, d'amide de fluo- 
roarylene, d'amide de perfluoroarylene, d'amide de fluoroarylalkylene, d'amide de perfluoroarylalkylene, de 
c&oalkylene, de cStoarylene, de c^tocycloalkylene, de cetoarylalkyiene, de cetofluoroalkylene, de c6toper- 
fluoroalkylene, de cetofluoroarylene, de cetoperfluoroalkylene, de c&ofluoroarylalkylene, et de cetoperfluo- 
roarylalkylene; 

R 3 est un radical selectionne" dans le groupe constitue" d'6poxy, d'isocyanate, d'isocyanate bloque, d'oxazoline, 

de carbodiimide, d'anhydride et d'ether de caprolactime; 

x est 0 a 2000; 

y est 2 a 20; 

w est 0 a 20, et les 
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unites de formula B sont arrangers en une structure en blocs ou alSatoire. 

Polymere de base modifie par un polydiorganosiloxane comprenant une piuralite de chaines polymeres ayant un 
groupement fonctionnel terminal ou pendant selectionne parmi des groupements carboxyle, amine et hydroxyle, 
dans lequel au moins une des chaines polymeres forme un copolymere avec un polydiorganosiloxane, le poly- 
diorganosiloxane ayant une structure representee par la formule B definie dans la revendication 5, dans laquelle 
R, L, Z, R 3 et x sont definis dans la revendication 1, y est 0 a 20, w est 1 a 20, et les unites de formule B sont 
arrangees comme defini dans la revendication 5. 

Polymere de base modifi6 par un polydiorganosiloxane suivant la revendication 5 ou la revendication 6, dans 
lequel les chaines polymeres comprennent un polyamide ou un polyester. 

Polymere de base modifi6 par un polydiorganosiloxane suivant la revendication 5 ou la revendication 6, dans 
lequel le polymere de base est sous la forme d'une structure polymere fibreuse. 

Procede pour modifier un polymere de base en incorporant un polydiorganosiloxane dans un polymere de base 
comprenant les 6tapes consistant 

(a) mettre en contact un polymere de base ayant un groupement fonctionnel terminal ou pendant selectionne 
parmi des groupements carboxyle, amin6 et hydroxyle avec un polydiorganosiloxane ayant une structure telle 
que d6finie dans la revendication 5 ou la revendication 6, et 

(b) soumettre la combinaison obtenue de polymere de base/polydiorganosiloxane a une condition reactive de 
sorte qu'une liaison chimique se forme entre le groupement fonctionnel terminal ou pendant du polymere de 
base et R 3 du polydiorganosiloxane. 

Procede pour la formation d'une structure polymere fibreuse modifiee par un polydiorganosiloxane comprenant 
une plurality de chaTnes polymeres, le procede comprenant les etapes consistant a : 

(a) m6langer une piuralite de chaTnes de polymere de base, chaque chaine ayant au moins un groupement 
fonctionnel terminal ou pendant selectionne parmi des groupements carboxyle, amine" et hydroxyle, avec un 
polydiorganosiloxane ayant une structure telle que d6finie dans la revendication 5 ou la revendication 6; 

(b) extruder en fusion le melange obtenu pour former une structure fibreuse et lier chimiquement R 3 et le 
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groupement fonctionnel terminal ou pendant d'au moins une des chaTnes de polymere de base. 

1 1 . Procede suivant la revendication 1 0, dans lequel I'etape (b) comprend une premiere extrusion en fusion du melange 
obtenu pour former des pastilles et une deuxieme extrusion en fusion des pastilles pour former la structure fibreuse. 

12. Procede suivant la revendication 10, dans lequel les chaTnes de polymere de base sont selectionnSes dans le 
groupe constitue de polyamide et de polyester. 
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FIG. 1 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Kundan M. Patel et al. 
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Filed: February 7, 2001 Examiner: P. Short 

For: Polymeric Additives and Polymeric Articles Containing Said Additives 
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Commissioner for Patents 
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Alexandria, VA 22313-1450 

APPELLANT'S BRIEF UNDER 37 CFR § 1.192 

This brief, which is transmitted in triplicate, follows the appellant's Notice of Appeal 
filed in this case on November 14, 2003. The fees required under 37 CFR §1.1 7(f) are included 
with this brief. 

This brief contains the following items under the headings in the order here indicated: 

Appellants Brief Under 37 CFR 1.192 

Real Party In Interest 

Related Appeals and Interferences 

Status of the claims 

Status of Amendments 

Summary of the Invention 

Issue 

Grouping of Claims 

Argument & Conclusion of Argument 

Listing of Pending Claims 

Listing of Original Claims As Filed 
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Pr At Party In Interest 

The real party in interest is the assignee, Honeywell International Inc. (see Reel/Frame 
011616/0591, Recorded on May 30, 2001) 

Belated ap peals and Interferences 

There are no other appeals or interferences in this matter known to appellant. 

Status of the C\ aims 

There are 60 claims in this case. 

Claims 19-60 are withdrawn from consideration pursuant to 37 CFR 1.142(b) as being 
drawn to nonelected inventions. Applicant timely traversed the restriction requirement in Paper 
No. 6. 

Claims 4-7, 1 0-12 and 1 5-17 are withdrawn from further consideration pursuant to 37 
CFR 1.142(b) as being drawn to nonelected species. Election was made without traverse in 
Paper No. 6. 

Claims 1 -3, 8 -9, 1 3-14 and 1 8 are e lected and w as acknowledged b y t he Examiner i n 
Paper No. 8. These claims are pending. 

Status of Amendments 

There have been no amendments filed subsequent to final rejection in this matter. 
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Summary o f thf Invention 

This invention describes processes that produce thermoplastic articles which maintain 
their inherent mechanical properties and cost structure yet have a permanent outer surface that 
has selectively varied chemical functionality, (see Page 13, lines 28-31 and pages 14-17). The 
major benefit is to overcome inherent deficiencies in conventional articles related to: (1) article 
incompatibility with different composite matrices, (2) inadequate environmental stability (light, 
chemical, etc.), and (3) general surface-related end-use characteristics such as poor abrasion 
resistance, excessive friction, etc. The present invention describes the additives, the fiber-making 
process, and the resulting novel articles. (See the Background of the Invention Section, pages 1 - 

7) 

The process involves: 

(a) adding a substantially organic molten component with CSP value of at least 8 to a 
molten thermoplastic polymer and mixing to substantially uniformly disperse the molten 
component in the molten thermoplastic polymer and form a heterogeneous blend wherein 

(i) the melt viscosity of the molten component is substantially less than the melt 
viscosity of the molten thermoplastic polymer; and 

(ii) the amount of the molten component in the molten thermoplastic polymer is 
up to about ten percent by weight based on the heterogeneous blend; and 

(b) melt processing the heterogeneous blend wherein the molten component 
preferentially locates near the surface of the molten thermoplastic polymer and 
substantially no chemical reaction occurs between the molten component and the molten 
thermoplastic polymer, (see Page 13, lines 28-31 and pages 14-17). 

The selection criteria for the molten component are fourfold: (1) the component has the 
sought-after characteristics desired for the article surface, (2) the component forms a well- 



3 



Bingham Docket No.: 7037592001-3001346 
Honeywell Docket No.: 30-4708 (4700) 



dispersed heterogeneous blend structure with the thermoplastic polymer matrix, (3) there is 
substantially no reaction between the component and base polymers during melt formation, and 
(4) the component's melt viscosity at the melt formation temperature is substantially lower than 
that for the base polymer. 
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Issue 

1 . Whether claims 1-3 and 1 8 should have been rejected under 35 U.S.C. § 1 03(a) as being 
unpatentable over Scharf (US 4,447,572) (Final Office Action 04/04/2003, page 2). 

f^ROI IPINO O F Ci AIMS 

Claims 1-3, 8-9, 13-14 and 18 stand or fall together. 
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Arcijmfnt 

ISSI TF NO. 1 - §1 (\V\^ REJECTION OF Tl AIMS 1 -3 AND 1 8 

The Examiner has rejected claims 1-3 and 18 as being unpatentable over Scharf (US 
4,447,572). The Applicant respectfully disagrees. 

Previously amended claim 1 (See Response to the Restriction Requirement and 
Amendment Prior to Action on the Merits filed on February 7, 2001 by Margaret Millikin for 
correction of 0.8 value to 8) recites a process comprising the steps of: "( a ) adding a 
substantially organic molten component with CSP value of at least 8 to a molten thermoplastic 
polymer and mixing to substantially uniformly disperse the molten component in the molten 
thermoplastic polymer and form a heterogeneous blend wherein (i) the melt viscosity of the 
molten component is substantially less than the melt viscosity of the molten thermoplastic 
polymer; and (ii) the amount of the molten component in the molten thermoplastic polymer is up 
to about ten percent by weight based on the heterogeneous blend; and (b) melt processing the 
heterogeneous blend wherein the molten component preferentially locates near the surface 
of the molten thermoplastic polymer and substantial ly no chemical reaction occurs between 
the molten component and the molten thermoplastic polymer." (emphasis added) 

The Examiner should examine this claim as a whole. For example, in claim 1, the molten 
component comprises a CSP value of at least 8 and a melt processing step is included where 
the melt processing of the heterogeneous blend preferentially locates the molten component near 
the surface of the molten thermoplastic polymer and at the same time without a substantial 
chemical reaction between the molten component and the molten thermoplastic polymer. As will 
be discussed below, the Examiner only concentrated on the melt viscosity statements related to 
the conventional components listed in Scharf - where no ratio guidance was given - and made 
two rather general and erroneous conclusions that, based on the melt viscosity: a) there was no 
chemical reactions in Scharf and b) there would be sufficient migration of the polymer blend 
resin (without melt processing). From reviewing the Examiner's comments, it appears that the 
Examiner is using one facet of the Scharf patent - the melt viscosities - and then using that facet 
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in combination with the present application to render the present application obvious in view of 
Scharf, which would be an improper use of the present application as prior art. It is not clear to 
the Applicant that, after a fair reading Scharf in comparison with the art at the time the present 
invention was made, one of ordinary skill in the art of polymer chemistry could derive claim 1 of 
the present application from Scharf directly or. upon routine experimentation, while including the 
following provisions: a) no chemical reaction, b) melt viscosities, c) rivet regions, d) CSP value 
of 8, and e) melt processing. These provisions along with the additional language in the present 
application and claims, when considered nx n whnlp.^ renders the claims of the present application 
patentable despite the Scharf reference. 

It will be shown that the molten components contemplated in the present application are 
chemically different than the polymer blend resin/halogenated derivatives in Scharf and that the 
processing steps are actually different despite the conclusion that they appear to be the same or 
that one of ordinary skill in the art could arrive at the present application and claims solely based 
on a reading of the Scharf patent. Several specific provisions of the claims and present 
applications are broken out and discussed below for reconsideration by the Examiner and 
consideration by the Board. 

No Chemical Reaction 

The specification defines the phrase "substantially no chemical reaction occurs" to 
exclude copolymers such as those taught by commonly assigned European Patent 703,938 Bl 
and copolymers resulting from chemically bound sheath-core yarns such as taught by US Patent 
4,640,962. (see Specification page 14, lines 28-31). The Background Section, page 6, lines 7-16 
further define the concept of "substantially no chemical reaction" occurring by stating that 
"Example VII represents the closest art in US Patent 4,066,587 and it is outside this invention 
because the polyamide is not end-capped and hence will react with the polyester thereby lowering 
its viscosity and impeding movement of the additive to the fiber surface." The Detailed 
Description Section (pages 11-12) describe novel additives used in this application, whereby the 
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additives (molten components) are "end-capped" in order to ensure that substantially no chemical 
reaction occurs. 

Scharf teaches polyamides that are flame-retarded with a halogenated derivative and 
blended with a polymer blend resin being at least partially incompatible and having a lower melt 
viscosity than the polyamide, to improve the arc tracking resistance of the polyamide. Scharf 
teaches that the polymer blend resins useful in this invention are any blend resin which is at least 
partially incompatible (insoluble) i n t he s ubstrate p olyamide, a nd h ave a m elt v iscosity 1 ower 
than the substrate polyamide. (see Column 4, lines 40-68) Scharf goes on to list suitable 
polymer blend resins in Column 5 that consist of many of the polymers cited in the Admitted Art 
for the present application (see Background Section of the present application) - Art which has 
been clearly discussed and distinguished, especially in view of how the present application 
differs from this Admitted Art. In addition to the polymer blend resin, there are halogenated 
derivatives added to the resin that act as flameproofing agents. There is absolutely no teaching or 
suggestion in Scharf that the polymer resin blend and/or the flameproofing agents are provided 
such that there will be substantially no chemical reaction upon melt processing of the blend (see 
present application claim 1). Also, after a fair and detailed reading of Scharf, there is also no 
motivation to one of ordinary skill in the art of polymer chemistry to consider a possible reaction 
between the base polymer and the polymer blend resin/halogenated derivative in the formation of 
the polyamides of Scharf and/or to consider that if a reaction were to occur, that the reaction 
would be detrimental to the final product and/or article. 

The Examiner states that "The migration of the low viscosity component to the surface is 
evidence that substantially no chemical reaction occurs between the thermoplastic polymer and 
the low melt viscosity component of the reference." in Paper No. 8, page 2; however, this 
assumption is overly broad and highly general. What Scharf actually says is "It has been found 
that when such partially incompatible, lower melt viscosity, resins are blended with the 
polyamide, the component with the lower melt viscosity will migrate to the surface of the system 
under shear conditions." (see Scharf, Column 4, lines 57-61) This statement says several things: 
1) migrating to the surface is resin specific, where the resin comprises a halogenated derivative; 
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2) migrating to the surface is polyamide specific; 3) migrating to the surface of the polymer blend 
resins are both partially incompatible and have a lower melt viscosity; 4) migrating to the surface 
of the polymer blend resins require shear conditions; and 5) there is absolutely no discussion in 
the cited statement or in the entire reference that relates to the degree of chemical reaction 
between the polymer resin blends and the polyamide substrate. 

The low viscosity component in the Scharf reference acts as an insulator to the 
halogenated derivatives (see Column 4, lines 62-64), so it is unclear how much of the low 
viscosity component is actually migrating to the surface. In addition, since there is no discussion 
of utilizing end-capped and non-reactive low viscosity components, it is entirely possible that 
part of the low viscosity component is migrating to the surface, while another portion (one tail 
end, for example) may be reacting with the polyamide substrate. In that instance, the complete 
migration to the surface would be severely hindered. Therefore, again, there is no guidance by 
Scharf on the degree of migration or even if the low viscosity component is on the surface given 
the inclusion of the halogenated derivative that is the flame retardant. 

Since claim 1 is a process claim that includes that there is substantially no chemical 
reaction between the molten component and the molten thermoplastic component, Scharf cannot 
possible read on or render this claim unpatentable, because there is absolutely no teaching, 
suggestion or motivation to one of ordinary skill in the art to consider a chemical reaction (or 
lack thereof) when producing the polyamides disclosed in Scharf. 

Melt Viscosities 

The present application discloses that the melt viscosity of the molten component is 
substantially less than the melt viscosity of the molten thermoplastic polymer. On page 9, lines 
6-9 of the specification, "substantially lower" is specifically defined as the ratio of the base 
molten polymer to the molten additive at the melt processing temperature, where the ratio is at 
least about 1.5/1, preferably at least about 3/1 and most preferably at least about 10/1. 
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Scharf teaches in Column 4, lines 40-66 that. the polymer blend resin must have a melt 
viscosity lower than the substrate polyamide. Scharf goes on to define melt viscosity as a 
measure of the resistance of the flow of a fluid. Scharf also gives an example in that same 
section that the component with the lower melt viscosity will migrate to the surface under search 
conditions. But, Scharf does not give any indication of the following: 

> How close to the surface will the polymer blend resin in 
Scharf migrate considering that the halogenated derivatives 
are also "fighting" for surface space on the article? 

> What will the degree of migration of the polymer blend 
resin to the surface be with respect to any gradient of 
polymer blend resin throughout the substrate polyamide? 

> What is a suitable melt viscosity ratio, as opposed to the 
general language that the polymer blend resin should have a 
melt viscosity that is lower than the substrate polyamide? 

Based on the lack of teaching or suggestion by Scharf regarding the specific ratios of the 
melt viscosities and how the specific ratios of the melt viscosities influence the migration to the 
surface, the degree of migration to the surface and the degree of chemical reaction between the 
polymer resin blend and the polyamide substrate, not to mention the added complexity of the 
additional halogenated derivatives and their melt viscosities or their influence on the overall melt 
viscosities of the polymer blend resin, it is not reasonable to suggest that one of ordinary skill in 
the art could reach the ratios in the present application by "routine experimentation". Scharf 
does not offer guidance as to what proper ratios will yield a migration to the surface of a molten 
component without a chemical reaction between the polymer blend resins and the polyamide 
substrates and only presents an ideal definition of what would ideally happen if the melt viscosity 
of the polyamide substrate and the polymer blend resin were sufficiently different. The current 
application does not present melt viscosities in generalities and does not present seemingly ideal 
conditions alone, but instead presents specific guidance to one of ordinary skill in the art. 
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Therefore, the present application is not obvious in view of Scharf. For the Examiner to point to 
Scharfs general statements and to look at the ratios given in the present application and 
ultimately determine that all ratios are obvious appears to be the Examiner combining the present 
application with Scharf to render the present application unpatentable - meaning that the 
Examiner is using the present application as a prior art reference against itself, which is clearly 
improper. 

Rivet Regions 

The present application discloses that "rivet regions" are formed between the molten 
component and the molten thermoplastic component. The specification, on page 14, states that 
"rivet regions form" thereby avoiding the formation of the well-defined interface and resulting 
tendency toward de-lamination that is characteristic of prior art sheath/core fibers. The 
specification goes on to state on page 14 that the phrase "rivet regions form" means that both the 
molten component and the molten thermoplastic polymer co-exist in sufficient quantities 
throughout the fiber radial direction and thus there are no annular rings with the sharp interface 
characteristic of prior art sheath-core fibers. 

Scharf is suggesting that an ideal condition is for the low viscosity component to migrate 
to the surface along with the halogenated derivatives, thus providing higher arc tracking 
resistance: (See Column 4, lines 62-65) There is no teaching or suggestion that the low viscosity 
components contemplated in Scharf will a) migrate to the surface while still forming a rivet 
region; and b) migrate to the surface while still forming the rivet region previously mentioned 
while at the same time not substantially reacting chemically with the molten thermoplastic 
component. If the compounds contemplated in Scharf did manage to migrate to the surface - 
past the halogenated derivatives - there would be no rivet region. And if the compounds 
contemplated in Scharf did manage to form a rivet region because of a lack of full migration to 
the surface and/or past the halogenated derivatives, then there's absolutely no contradiction to the 
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presumption in Scharf that this rivet region was formed merely because the low viscosity 
component underwent a chemical reaction with the polyamide substrate. 

CSP Value 

The present application discloses that "CSP" or "calculated solubility parameters" are 
those solubility parameters that are calculated using Coleman's methodology and his constitutive 
molar volumes and attraction constants, (see pages 3-4) The present application also shows in 
the Examples Section and the claims that the CSP value is contemplated to be at least 8. (See 
Response to the Restriction Requirement and Amendment Prior to Action on the Merits filed on 
February 7, 2001 by Margaret Millikin for correction of 0.8 value to 8) 

There is no teaching or suggestion in Scharf that molten components having a CSP value 
of at least 8 are contemplated or necessary to the subject matter disclosed therein. In addition, 
there is no motivation to one of ordinary skill in the art of polymer chemistry that a consideration 
of the CSP is even necessary. Scharf mentions that the polymer blend resin is at least partially 
incompatible (insoluble) in the substrate polyamide, but there is absolutely no guidance given as 
to how this relates to the CSP value or how a comparable solubility parameter would be 
calculated or utilized in the Scharf embodiments, and since the applicant contends that the 
molten components in the present application are different than Scharf s compounds, the 
Applicant contends that it would be improper to assume that the compounds in Scharf have a 
CSP value of 8. 

Melt Processing 

The present application, including Claim 1, recites that the process comprises "melt 
processing said heterogenous blend wherein said molten component preferentially locates near 
the surface of said molten thermoplastic polymer and substantially no chemical reaction occurs 
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between said molten component and said molten thermoplastic component". The melt 
processing step includes the migration of the molten component near the surface. 

Scharf teaches that the migration of the low viscosity component occurs after mixing the 
low viscosity component, the halogenated derivatives and the polyamide substrate. Then, the 
resulting mixture can be processed in order to produce "various shapes and articles of 
manufacture using conventional techniques such as molding or casting and the like...". Scharf 
does not teach or suggest that there is a melt processing step includes the migration of the molten 
component near the surface. In addition, Scharf does not motivate one of ordinary skill in the art 
to use a melt processing step that would include the migration of the molten component near the 
surface. 

rnivri iision of Argument 

It has been shown that the molten components contemplated in the present application are 
chemically different than the polymer blend resin/halogenated derivatives in Scharf and that the 
processing steps are actually different despite the original conclusion by the Examiner that they 
appear to be the same or that one of ordinary skill in the art could arrive at the present application 
and claims solely based on a reading of the Scharf patent. 

As was discussed, the Examiner only concentrated on the melt viscosity statements 
related to the conventional components listed in Scharf - where no ratio guidance was given - 
and made two rather general conclusions and erroneous conclusions that based on the melt 
viscosity: a) there was no chemical reactions in Scharf and b) there would be sufficient 
migration of the polymer blend resin (without melt processing). From reviewing the Examiner's 
comments, it appeared that the Examiner was using one facet of the Scharf patent - the melt 
viscosities - and then using that facet in combination with the present application to render the 
present application obvious in view of Scharf, which would be an improper use of the present 
application as prior art. It is not clear that, after a fair reading Scharf in comparison with the art 
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at the time the present invention was made, one of ordinary skill in the art of polymer chemistry 
could derive claim 1 of the present application from Scharf directly or upon routine 
experimentation, while including the following provisions: a) no chemical reaction, b) melt 
viscosities, c) rivet regions, d) CSP value of 8, and e) melt processing. These provisions along 
with the additional language in the present application and claims, when considered <7 , v a whole ., 
renders the claims of the present application patentable despite the Scharf reference. 

The obviousness rejections are inappropriate because there is no teaching, suggestion, or 
motivation to use the process in the present application as proposed by the Examiner. Therefore, 
claim 1 of the present application is allowable as patentable over Scharf. In addition, claims 2-3 
and 1 8 are allowable by virtue of their dependency on independent claim 1 . 
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Attorney Not of RrroRn 

Please note that Sandra P. Thompson, PhD (USPTO Reg. No. 42,624) is not listed on the 
original application as an Attorney of Record; however, according to MPEP Section 405, Dr. 
Thompson may properly file this Appeal Brief, and the filing of this Appeal Brief is considered a 
representation that Dr. Thompson is authorized to act in a representative capacity on behalf of the 
Applicant. 
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Appendix of Pending Claims 

1 . (Previously Amended) A process comprising the steps of: 

(a) adding a substantially organic molten component with CSP value of at least 8 to a 

molten thermoplastic polymer and mixing to substantially uniformly disperse said 
molten component in said molten thermoplastic polymer and form a 
heterogeneous blend wherein 

(i) the melt viscosity of said molten component is substantially less than the melt 

viscosity of said molten thermoplastic polymer; and 

(ii) the amount of said molten component in said molten thermoplastic polymer is 

up to about ten percent by weight based on said heterogeneous blend; and 

(b) melt processing said heterogeneous blend wherein said molten component 

preferentially locates near the surface of said molten thermoplastic polymer and 
substantially no chemical reaction occurs between said molten component and 
said molten thermoplastic polymer. 

2. (Original) The process of claim 1 wherein rivet regions form between said molten 
component and said molten thermoplastic polymer thereby avoiding formation of a 
sheath/core structure with sharp interface. 

3. (Original) The process of claim 1 wherein the ratio of the melt viscosity of said molten 
thermoplastic polymer to the melt viscosity of said molten component at the extrusion 
temperature is greater than about 10/1. 

Claims 4-7 Previously Canceled. 

8. (Original) The process of claim 1 wherein said molten component is Formula (II) 
additive derived from an end-capped polyolefin of moderate molecular weight and 
comprises any of the following units 
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(a) -[-NH-R3-NH-]- 

(b) -[-C(=0)-R4-C(=0>]- 

where R3 and/or R4 are polyolefin residues with degree of polymerization (dp) up to 250. 

9. (Original) The process of claim 8 wherein the weight-average molecular weight of said 
Formula (II) additive is greater than about 1000 to less than about 25,000. 

Claims 10-12 Previously Canceled. 

13. (Original) The process of claim 1 wherein said thermoplastic polymer is polyester. 

14. (Original) The process of claim 13 wherein said polyester is polyethylene terephthalate. 



Claims 15-17 Previously Canceled. 



18. (Original) The process of claim 1 wherein said molten component contains an ultraviolet 
screen. 



Claims 19-60 Previously Canceled. 
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Appendix of Pending Claims as Originally Filed 

1 . (Original) A process comprising the steps of: 

(a) adding a substantially organic molten component with CSP value of at least 0,8 to a 

molten thermoplastic polymer and mixing to substantially uniformly disperse said 
molten component in said molten thermoplastic polymer and form a 
heterogeneous blend wherein 

(i) the melt viscosity of said molten component is substantially less than the melt 

viscosity of said molten thermoplastic polymer; and 

(ii) the amount of said molten component in said molten thermoplastic polymer is 

up to about ten percent by weight based on said heterogeneous blend; and 

(b) melt processing said heterogeneous blend wherein said molten component 

preferentially locates near the surface of said molten thermoplastic polymer and 
substantially no chemical reaction occurs between said molten component and 
said molten thermoplastic polymer. 

2. (Original) The process of claim 1 wherein rivet regions form between said molten 
component and said molten thermoplastic polymer thereby avoiding formation of a 
sheath/core structure with sharp interface. 

3. (Original) The process of claim 1 wherein the ratio of the melt viscosity of said molten 
thermoplastic polymer to the melt viscosity of said molten component at the extrusion 
temperature is greater than about 10/1. 

4. (Original) The process of claim 1 wherein said molten component is Formula (I) additive 
based on an end-capped polyamide or copolyamide of moderate molecular weight 
comprising one or more of the following units 
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(a) 



[-NH— (CH 2 )x— C(=0)-]- 



where x = 3-30; or 



(b) 



[-NH-Ri-NH-C(=0)-R2-C(=0)-]- where Ri and R2 are independently selected 



from 



5. 

6. 

7. 
8. 



(i) -(CH 2 )y- where Y = 3-30; or 

(ii) -CH2-(CH 2 -0-CH 2 )z-CH2- where Z =1-30; or 

(iii) for R 2 only, hydrocarbon component in dimer acid comprising acyclic, 
monocyclic, bicyclic, and aromatic units and are partially or fully hydrogenated 
such that the resulting additive has a lower melting point than the molten 
thermoplastic polymer and the polyamide or copolyamide is terminated to reduce 
the free carboxyl and amine end-groups wherein the terminating agents have 
functional groups capable of reacting with the free carboxyl or amine end-groups 
and consist of a substituted or unsubstituted aliphatic or aromatic having from one 
to 100 carbon atoms. 

(Original) The process of claim 4 wherein the weight-average molecular weight of said 
Formula (I) additive is greater than about 1000 to less than about 25,000. 

(Original) The process of claim 4 wherein the weight-average molecular weight of said 
Formula (I) additive is about 5,000 to about 1 5,000. 

(Original) The process of claim 4 wherein said Formula (I) additive contains dimer acid. 

(Original) The process of claim 1 wherein said molten component is Formula (II) 
additive derived from an end-capped polyolefin of moderate molecular weight and 
comprises any of the following units 



(a) -[-NH-R3-NH-]- 



(b) -[-C(=0)-R4-C(=0)-]- 
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where R3 and/or R4 are polyolefin residues with degree of polymerization (dp) up to 250. 

9. (Original) The process of claim 8 wherein the weight-average molecular weight of said 
Formula (II) additive is greater than about 1000 to less than about 25,000. 

10. (Original) The process of claim 1 wherein said molten component is a polyolefin. 

11. (Original) The process of claim 10 wherein the polyolefin is unsaturated. 

12. (Original) The process of claim 10 wherein the polyolefin is polyethylene or a copolymer 
thereof. 

13. (Original) The process of claim 1 wherein said thermoplastic polymer is polyester. 

14. (Original) The process of claim 13 wherein said polyester is polyethylene terephthalate. 

15. (Original) The process of claim 1 wherein said thermoplastic polymer is polyolefin. 

16. (Original) The process of claim 1 wherein said thermoplastic polymer is polyamide. 

17. (Original) The process of claim 16 wherein said thermoplastic polymer is 
polycaprolactam. 

18. (Original) The process of claim 1 wherein said molten component contains an ultraviolet 
screen. 

19. (Original) An additive of Formula (I) based on an end-capped polyamide or copolyamide 
of moderate molecular weight comprising one or more of the following units 

(a) -[-NH— (CH 2 )x— C(=0)-]- where x = 3-30; or 

(b) -[-NH-Ri-NH-C(=0)-R2-C(=0)-j- where Ri and R 2 are independently selected 

from 

(i) -(CH 2 )y - where Y = 3-30; or 

(ii) -CH2-(CH 2 -0-CH 2 )z-CH2- where Z = 1-30; or 
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(iii) for R2 only, dimer acid hydrocarbon component comprising acyclic, 
monocyclic, bicyclic, and aromatic units and are partially or fully hydrogenated 
such that the resulting additive has a lower melting point than the molten 
thermoplastic polymer 

and the polyamide or copolyamide is terminated to reduce the free carboxyl and amine 
end-groups wherein the terminating agents have functional groups capable of reacting 
with the free carboxyl or amine end-groups and consist of a substituted or unsubstituted 
aliphatic or aromatic having from one to 100 carbon atoms. 

20. (Original) The additive of claim 19 wherein the weight-average molecular weight of said 
Formula (I) additive is greater than about 1000 to less than about 25,000. 

21. (Original) The additive of claim 19 wherein the weight-average molecular weight of said 
Formula (I) additive is about 5,000 to about 1 5,000. 

22. (Original) The additive of claim 19 wherein said additive is a block copolymer. 

23. (Original) The additive of claim 19 wherein said additive is a random copolymer. 

24. (Original) The additive of claim 19 wherein each of said terminating agents has from one 
to 30 carbon atoms. 

25. (Original) A flushing agent comprising the additive of claim 19. 

26. (Original) A lubricating agent comprising the additive of claim 19. 

27. (Original) A color concentrate comprising the additive of claim 19. 

28. (Original) A heterogeneous blend comprising said additive of claim 1 9 and a 
thermoplastic polymer. 

29. (Original) The heterogeneous blend of claim 28 wherein said thermoplastic polymer is 
polyester. 

30. (Original) The heterogeneous blend of claim 29 wherein said polyester is polyethylene 
terephthalate. 
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3L (Original) The heterogeneous blend of claim 29 wherein said polyester is polyethylene 
naphthalate. 

32. (Original) The heterogeneous blend of claim 28 wherein the amount of said additive is up 
to about ten weight percent of said heterogeneous blend. 

33. (Original) An article formed of the heterogeneous blend of claim 28. 

34. (Original) The article of claim 33 wherein said article is film. 

35. (Original) The article of claim 33 wherein said article is fiber. 

36. (Original) The fiber of claim 35 wherein said additive is located near the surface of said 
thermoplastic polymer. 

37. (Original) The article of claim 33 wherein said article is molded. 

38. (Original) The fiber of claim 36 wherein the additive covers less than 90 percent of the 
surface of said thermoplastic polymer. 

39. (Original) The fiber of claim 35 which additionally comprises an adhesive adhesion 
promoting additive. 

40. (Original) The fiber of claim 39 wherein said adhesion promoting additive is a coating. 

41 . (Original) The fiber of claim 40 where the coating contains an epoxide and/or blocked 
isocyanate. 

42. (Original) The fiber of claim 40 which additionally comprises a cross-linking adhesion 
promoting additive. 

43. (Original) The fiber of claim 35 which additionally comprises a lubricating promoting 
additive. 

44. (Original) The fiber of claim 35 which additionally comprises a color enhancing additive. 

45. (Original) A composite comprising rubber and the fiber of claim 35. 

46. (Original) A tire comprising the composite of claim 45. 
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47. (Original) A tire cap ply comprising the composite of claim 45. 

48. (Original) A v-belt or conveyor belt comprising the composite of claim 45. 

49. (Original) An additive of the Formula (II) derived from an end-capped polyolefin of 
moderate molecular weight and comprising any of the following units 

(a) -[-NH-R3-NH-]- 

■(b) -[-C(-0)-R4-C(=0)-]- 

where R3 and/or R4 are polyolefm residues with degree of polymerization (dp) up to 250. 

50. (Original) The additive of claim 49 wherein the weight-average molecular weight of said 
Formula (II) additive is greater than about 1,000 to less than about 25,000. 

5 1 . (Original) A heterogeneous blend of said additive of claim 49 and a thermoplastic 
polymer. 

52. (Original) The heterogeneous blend of claim 51 wherein said thermoplastic polymer is 
polyester. 

53. (Original) The heterogeneous blend of claim 52 wherein said polyester is polyethylene 
terephthalate. 

54. (Original) The heterogeneous blend of claim 52 wherein said polyester is polyethylene 
naphthalate. 

55. (Original) An article formed of said heterogeneous blend of claim 51 . 

56. (Original) The article of claim 55 wherein said article is fiber. 

57. (Original) A composite comprising rubber and the fiber of claim 56. 

58. (Original) A tire comprising the composite of claim 57. 

59. (Original) A tire cap ply comprising the composite of claim 57. 

60. (Original) A v-belt or conveyor belt comprising the composite of claim 57. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to a novel polydiorganosiloxane-modified polymer, particularly a copolymer of 
a polydiorganosiloxane and a fiber-forming polymer. 

[0002] There have been numerous disclosures of the use of specially tailored polysiloxanes in conjunction with other 
polymers. For example, U.S. Pat. No. 4,640,962 describes a polyester resin, and a polyester fiber made from that 
resin, that includes siloxane block polymer units in the polyester matrix. The siloxane block polymer units migrate to 
10 the surface of the polyester fiber during its formation so as to provide a silicon-sheathed polyester fiber. 

[0003] U.S. Pat. No. 4,663,41 3 describes a linear polysiloxane-polylactone block copolymer which is miscible with 
base polymers, particularly nylon. Blending of the polysiloxane-polylactone block copolymer with the base polymer 
imparts desirable surface properties to the base polymer. 

[0004] U.S. Pat. No. 4,987,203 describes a polyorganosiloxane which contains a fluorinated substituent at its <x- 
is terminal position and a substituent having an epoxy linkage at its co-terminal position. This modified polyorganosiloxane 
can be chemically grafted onto a synthetic resin such as polyamide via a bond between the epoxy linkage and a group 
in the synthetic resin reactive with the epoxy linkage. 

[0005] U.S. Pat. No. 5,070,168 describes a silicone polymer which includes an ether amino pendant group. The 
polymers deposit on substrate surfaces via the pendant group to form surface-modifying features. 

20 [0006] The use of polysiloxanes as fiber surface treating compositions is also known. For example, U.S. Pat. No. 
4,459, 382 describes treating a fiber substrate with a composition comprising a liquid carrier, a first polydiorganosiloxane 
containing at least two epoxy -containing organic radicals and a second polydiorganosiloxane selected from the group 
consisting of polydiorganosiloxanes containing at least two amino-containing hydrocarbon radicals and at least one 
polyalkyleneoxide radicai and polydiorganosiloxanes containing at least two carboxy-containing hydrocarbon radicals 

25 and at least one polyalkyleneoxide radical. This composition is said to confer upon the fibers enhanced antistatic 
properties, water absorbency, stain resistance, softness, smoothness, crease resistance and compression recovery. 
[0007] A related disclosure which concerns the incorporation of polysiloxanes into base polymers is copending, com- 
monly assigned U.S. Application Ser. No. 502,21 6, filed March 30, 1 990. This application describes a polymeric release 
film comprising a blend of a base polymer and a copolymer additive, the copolymer additive comprising a hard segment 

30 polymer component and a soft segment polymer component, one of the soft segment components being a polydior- 
ganosiloxane. 

[0008] A significant limitation in the prior art concerning the modification of base polymers via the reactive incorpo- 
ration of polysiloxanes, however, is the limited flexibility in selecting the specific reactive sites and amounts of the 
siloxane functional group relative to the backbone chain of the base polymer. For example, the polyorganosiloxane 

35 disclosed in U.S. Pat. No. 4,987,203 permits the attachment of only one base polymer chain per polydiorganosiloxane 
molecule since each polydiorganosiloxane molecule only includes one epoxy group which is positioned at its co-terminal 
end. One result of this limited reactive site is a reduction in reactive probability and the consequential tendency towards 
increased amounts of unreacted polydiorganosiloxane. A need therefore exists for a more flexible method of incorpo- 
rating polydiorganosiloxanes into base polymers which provides a wider range and more selectivity in controlling bond- 

40 ing locations and amounts for the siloxane functionality. 

[0009] Moreover, although the prior art attributes many advantages to the use of polydiorganosiloxanes, there re- 
mains a significant need for further improvement in the properties of polymer products that have been modified by the 
incorporation of or treatment with polydiorganosiloxanes, particularly with regard to the processing of such polymer 
products. The incorporation of the polydiorganosiloxanes also should be simplified so that a wide variety of base pol- 

45 ymers can be modified simply by adding the polydiorganosiloxane after the base polymer has already been synthesized. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to provide an efficient and versatile method for incorporating 
so a polydiorganosiloxane into a base polymer to impart improved properties to the base polymer, especially with respect 
to the processing of the base polymer into a useful product. 

[0011] In accomplishing the foregoing objects there is provided according to the present invention a copolymer of a 
polydiorganosiloxane and a base polymer according to claim 1 or to claim 2, comprising a structure represented by 
the following formula A: 
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wherein each of 

is the same or different and is selected from the group consisting of alkyl, aryl, cycloalkyl, aralkyl, fluoroalkyl, 
perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyt ether 
and perfluoroaryl ether; 

L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 
fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, alkylene 
ether, arylene ether, perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, amino arylene, amino cy- 
cloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, amino per- 
fluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido arylene, amido cy- 
cloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluoroarylene, amido per- 
fluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto arylene, keto cycloalkylene, 
keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, keto perfluoroarylene, keto fluor- 
oaralkylene and keto perfluoroaralkylene ; 
R 2 is as defined in claim 1 
Z is as defined in claim 1 ; 
x is 0 to 2000; 

y and w are as defined in claim 1 or in claim 2; and the 
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units of formula A are arranged-in a random or a block structure. 
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[0012] In a preferred embodiment of the present invention there is provided a base polymer according to claim 5 or 
to claim 6 comprising a plurality of polymer chains, wherein at least one of the polymer chains forms a copolymer with 
a polydiorganosiloxane, the polydiorganosiloxane having a structure represented by the formula B: 



I 

R, R 1 R, L R, 

i i i ' ' 

R,-Si-0- (-Si-O-),- {-Si-0-),- (Si-O-U-Si-Ri 
it > i ; 

R, R t L L R, 

( i 
R 3 R 3 



(B) 

20 wherein each of 

R., is the same or different and is selected from the group consisting of alkyl, cycloalkyl, aryl, aralkyl, fluoroalkyl, 
perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl ether 
and perfluoroaryl ether; 

25 L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 

fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, alkylene 
ether, arylene ether, perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, amino arylene, amino cy- 
cloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, amino per- 
fluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido arylene, amido cy- 

30 cloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluoroarylene, amido per- ' 

fluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto arylene, keto cycloalkylene, 
keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, keto perfluoroarylene, keto fluor- 
oaralkylene and keto perfluoroaralkylene; 
R 3 is as defined in claim 5; 

35 x is 0 to 2000; 

y and w are as defined in claim 5 or in claim 6; and the 
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units of formula B are arranged in a random or a block structure. 

[0013] There also is provided according to the present invention a process for incorporating a polydiorganosiloxane 
into a base polymer comprising the steps of: 

(a) contacting a base polymer having a terminal or a pendant functional group with a polydiorganosiloxane having 
a structure as defined in claim 5 or in claim 6; and 

(b) subjecting the resultant mixture to a reactive condition so that a chemical bond forms between the terminal or 
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pendant functional group of the base polymer and R 3 of the polydiorganosiloxane. 

[0014] A preferred embodiment of the process of the present invention is a process for forming a polymeric fibrous 
structure comprising a plurality of polymer chain segments, the process comprising the steps of: 

(a) mixing a plurality of polymer chain segments, each chain segment having at least one terminal or pendant 
functional group; with a polydiorganosiloxane having a structure as defined in claim 5 or in claim 6; and 

(b) melt extruding the resultant mixture to form a fibrous structure and chemically bond R3 and the terminal or 
pendant functional group of at least one of the polymer chains. 



[0015] According to a further aspect of the present invention there is provided a process for applying a finish to a 
polymeric fibrous substrate comprising applying finish in a liquid state to said polymeric fibrous substrate and then 
drying the resultant finish-coated polymeric substrate so that up to about 0.3 weight % of the finish in a solid state 
remains on the polymeric fibrous substrate, based upon the weight of the polymeric fibrous substrate. Preferably, the 
is polymeric fibrous substrate is modified to include a copolymer of formula A. 

[0016] Further objects, features and advantages of the present invention will become apparent from the detailed 
description of preferred embodiments that follows. 



BRIEF DESCRIPTION OF THE DRAWING 

[0017] The invention will be described in more detail below with reference to the drawing, wherein: 



Figure 1 is an elevation view of an apparatus used to measure a property of the invention; 
• Figure 2 is a graphic representation of the melt viscosities of the polydiorganosiloxane modified-polymer of the 
25 invention and an unmodified base polymer; 

Figure 3 is a graphic representation of soiling of carpets made from polydiorganosiloxane -modified pigmented 
nylon 6 fibers of the invention and from unmodified pigmented nylon 6 fibers. 



DETAILED DESCRIPTION OF THE INVENTION 



[0018] As used herein, the term "base polymer" denotes a polymer to which the polydiorganosiloxane is added 
resulting in the formation of a polydiorganosiloxane/base polymer copolymer. It is the properties of the base polymer 
which the addition of the polydiorganosiloxane is intended to modify. 

[0019] "Polymer chain" denotes the linear chain of recurring monomer units which forms the backbone of the base 
35 polymer. 

[0020] "Graft copolymer" denotes a copolymer wherein the base polymer chain segments are grafted onto the poly- 
diorganosiloxane chain in random or block order. In other words, the -L-R 2 - bonding sites are distributed in random or 
block order along the polydiorganosiloxane chain according to the general formula 



.XXXXXXXXXX or XXXXXXXXX. 

Y Y YYY 

; » i 1 1 

Y Y YYY 

1 ; : i 1 

Y Y YYY 



(random) (block) 



The random structure is preferred since it permits the variation of structural parameters such as the effective molecular 
weight between the reactive Si sites depending upon the desired properties of the copolymer. The more regular spacing 
between the -L-R 2 - bonding sites also allows for more uniform variation of the effective molecular weight. 
[0021] "Polymeric fibrous structure" denotes a polymer or copolymer which has been formed into a continuous fila- 
55 ment (single or multiple) of a running or extremely long length, or cut or otherwise short fiber known as staple, or a 
material which includes such a formed polymer or copolymer. An example of a polymeric fibrous structure is a textile 
component such as a tape, fiber, yarn or other profile which typically has been tufted, woven, or otherwise constructed 
into fabric suitable for final use in home furnishings, particularly as floor covering or upholstery fabric. Another example 
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is a tape, fiber, yarn or other profile which has been woven into a fabric for use in seatbelts. A further example is a 
tape, fiber, yarn or other profile which has been constructed into cord used for reinforcing tires. 
[0022] "Polyamide" denotes nylon 6, nylon 66, nylon 4, nylon 12 and other polymers containing the 

5 (C-NH) 

a 
0 

structure along with the (CH 2 ) X chain as described in Cook, J., Handbook of Textile Fibres, Merrow Publishing Co., pp. 

10 1 94-327 (1 984). Nylon 6 and 66 are preferred. 

[0023] "Polyester" denotes polyethylene terephthalate (PET), polybutylene terephthalate (PBT), polyethylene nap- 
thalate (REN), polyalkylene adipate, polyesters of dihydric phenols, liquid crystal polymers and other polymers con- 
taining the ester repeating unit as described in Encyclopedia of Polymer Science and Engineering, Vol. 12., pub. by 
John Wiley & Sons, Inc., pp. 1-300 (2d ed. 1989). 

is [0024] It has been discovered that a polydiorganosiloxane additive can be incorporated easily into a base polymer 
so as to modify the properties of the base polymer. The incorporation occurs via a copolymerization reaction between 
the polydiorganosiloxane and the base polymer. Due to the versatility of this invention, the amount of the polydiorga- 
nosiloxane additive incorporated into the base polymer can be carefully controlled. 

[0025] The polydiorganosiloxane portion of the copolymer of the present invention is based upon a polydiorganosi- 
20 loxane structure, preferably linear, comprised of repeating units of -Si(R 1 ) 2 -0-. Each of the substituents can be the 
same or different and generally can be any aliphatic, aromatic, alicyclic or heterocyclic radical. Among the more useful 
Rt substituents are alkyl, aryl, cycloalkyl, aratkyl, fluoroalkyl, perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, per- 
fluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl ether and perfluoroaryl ether. The alkyl, fluoroalkyl, perfluoroalkyl, 
alkyl ether and perfluoroalkyl ether groups can be straight- chained or branched and preferably contain 1 to 25, espe- 
25 cially 1 to 10, carbon atoms. The aryl, fluoroaryl, perfluoraryl, aryl ether and perfluoroaryl groups preferably contain 1 
to 3 C 6 rings which may be substituted. The cycloalkyl group preferably contains 3 to 15 carbon atoms. The aralkyl, 
fluoroaralkyl and perfluoroaralkyl groups preferably contain 7 to 15 carbon atoms. Methyl and trifluoromethyl are par- 
ticularly preferred for the ^ groups attached to the repeating silicon atoms. Attachment of a methyl group to the 
repeating silicon atoms is advantageous due to its lower surface energy which contributes to the lubricity of the copol- 
30 ymer during processing. An alkyl, especially methyl, is particularly preferred for the R., groups attached to the terminal 
silicon atoms. The fluoro radicals are advantageous due to their ability to enhance soil removal from fibrous structures 
which include the copolymer. 

[0026] The production of linear polydiorganosiloxanes is well known in the art and is described, for example, in 
Encyclopedia of Polymer Science and Engineering, Vol. 15, pub. by John Wiley .& Sons, Inc., pp. 234-258 (2d ed. 1989) 
3£ and the references cited therein. For utilization in the present invention, however, conventional linear polydiorganosi- 
loxanes must be modified so that at least one of the silicon atoms includes a reactive site (i.e., -L-R 3 -) for the base 
polymer. Preferably, a plurality of the silicon atoms include a reactive site. Each silicon atom can have one or two 
reactive sites bonded to it. The types of reactive site groups in each modified polydiorganosiloxane molecule can be 
the same or different. 

40 [0027] The linking group, -L-, can be any divalent radical that is derived from a hyd rosily lation reaction between a 
siloxane or silane monomer and a precursor compound that includes at least one unsaturated bond in a reactive position 
so that a carbon-silicon bond is formed between the siloxane or silane and the precursor compound. Preferably, the 
precursor compound includes a vinyl group, more preferably an allyl or allyloxy group. Illustrative of divalent radicals 
that can serve as linking groups, -L-, are alkylene (such as methylene (-CH 2 -). ethylene (-CH 2 -CH 2 -), propylene (-CH 2 - 

45 CH 2 -CH 2 -), C 4 to C 15 methylene), arylene (such as phenylene), cycloalkylene, aralkylene, fluoroalkylene, perfluoro- 
alkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, alkylene ether, arylene ether, perfluor- 
oalkylene ether, perfluoroaralkylene ether, amino alkylene, amino arylene, amino cycloalkylene, amino aralkylene, 
amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, amino perfluoroarylene, amino fluoroaralkylene, 
amino perfluoroaralkylene, amido alkylene, amido arylene, amido cycloalkylene, amido aralkylene, amido fluoro- 

50 alkylene, amido perfluoroalkylene, amido fluoroarylene, amido perfluoroarylene, amido fluoroaralkylene, amido per- 
fluoroaralkylene, keto alkylene, keto arylene, keto cycloalkylene, keto aralkylene, keto fluoroalkylene, keto perfluoro- 
alkylene, keto fluoroarylene, keto perfluoroarylene, keto fluoroaralkylene and keto perfluoroaralkylene radicals. By 
"divalent radicar is meant a radical that has at each terminal end a bond to another non-hydrogen atom. Accordingly, 
"alkylene" is used herein as indicating such terminal bonds rather than as indicating that the linking radical, -L-, includes 

55 an unsaturated bond. By "amino" is meant a divalent radical that includes -NH- as well as the linking carbon atoms. 
By "amido" is meant a divalent radical that includes -NHC(O)- as well as the linking carbon atoms. By "keto" is meant 
a divalent radical that includes -C(O)- as well as the linking carbon atoms. 

[0028] The alkylene, fluoroalkylene, perfluoroalkylene, alkylene ether and perfluoroalkylene ether groups and their 
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amino, amido and keto counterparts preferably contain 1 to 15 carbon atoms and can be branched or unbranched. 
The arylene, fluoroarylene, perfluoroarylene and arylene ether groups and their amino, amido and keto counterparts 
preferably contain 1 to 3 C 6 rings which may be substituted. The cycloalkylene group and its amino, amido and keto 
counterparts preferably contains 3 to 10 carbon atoms. The aralkylene, fluoroalkylene, perfluorbaralkylene and per- 
5 fluoroaralkylene ether groups and their amino, amido and keto counterparts preferably contain 7 to 1 5 carbon atoms. 
Particularly preferred are alkylene, alkylene ether and fluoroalkylene groups such as (-CH 2 -) n , (-CH 2 -) n -0-CH 2 -and (- 
CF 2 -) n , wherein n is 1 to 15, preferably 3. 

[0029] It has been found that if a polydiorganosiloxane is modified to include certain reactive radicals, R3, the poly- 
diorganosiloxane can be chemically attached to the terminal or pendant groups of a large variety of base polymer 
10 chains. The particular reactive radical depends in part upon the base polymer which is to be modified. In addition, the 
reactive radical should Deselected so that the by-products of the copolymerization are inert in the sense that they do 
not degrade the resulting copolymer. Suitable R 3 reactive radicals include epoxy, 

is 

CH : - CH- ; 
0 

20 isocyanate radicals, 0 = C = N- ; 
blocked or substituted isocyanate, 



B - C - NH - , 

25 " 

0 



wherein B is caprolactam, phenol, ketoxime or a pyrazole; 
oxazoline 

30 

0 - C - 

/ w 

H 2 C N 

35 CHj 



carbodiimide, R4 - N = C = N - R 4 - , wherein R 4 is a Cj to C 5 alkyl or an aryl group; 
anhydride, 

40 

0 = c c ° 0 

45 O 

wherein R 5 is a polyalkylene or substituted potyalkylene radical, preferably dimethylene, 



so 



CH, 



CH 



ss or alkyl dimethylene, 
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CHj - CH 
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wherein R 6 is a to C 5 alky I group; 
and caprolactim ether, 
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[0030] Particularly preferred are epoxy, blocked isocyanate and anhydride because of the efficiency of their reaction 
with the terminal or pendant groups of the base polymer. 

[0031] The following modified polydiorganosiloxanes additives are especially preferred: 

TABLE A 



Additive 


Ri 


R 3 
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A 


CH 3 


epoxy 


-(CH 2 ) 3 -0-CH 2 - 


96.5 


5.5 
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CH 3 


epoxy 


-(CH 2 ) 3 -0-CH 2 - 


330 


6.0 


0 


C 


CH 3 


epoxy 


-(CH 2 ) 3 -0-CH 2 - 


670 


6.0 


0 
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CH 3 


isocyanate or blocked isocyanate 


(-CH 2 -) 3 


670 


6.0 


0 


E 


CH 3 


anhydride 


(-CH 2 ) 3 


1400 


6.0 


0 



Additives A, B and C are commercially available and additives D and E could be obtained via conventional organic 
synthesis techniques. 

[0032] As described above, the modified polydiorganosiloxane portion of the present invention can include up to 
three sets of repeating units 
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The subscript x can range from 0 to 2000, preferably 25 to 1500, and more preferably 100 to 1000. The subscripts y 
and w can each, individually, range from 0 to 20, preferably 1 to 10, and more preferably 2 to 6, provided y and w are 
not both 0. The effective molecular weight between the silicon reactive sites, -L-R 3 -, is controlled based upon the 
respective mole percents of the reactants used to produce the modified polydiorganosiloxane. In other words, the 
specific amounts for the subscripts x, y and w are dependent upon the relative molar amounts of the reactants. 
[0033] The polydiorganosiloxane of formula B may be produced by a two step method comprising hydrosilylation 
and hydrolysis/condensation. The hydrosilylation step serves to attach the reactive radicals, R 3 , to the silicon atom 
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10 



is 



45 



SO 



55 



and the hydrolysis/condensation step serves to form the polydiorganosiloxane backbone chain. The hyd rosily lation 
can be performed before or after the hydrolysis/condensation, but it is preferred to perform the hydrosilylation after 
hydrolysis/condensation. 

[0034] Conventional hydrosilylation techniques are described in Chop et al., 186 Macro. Chem., pp. 1203, 1211 
(1985); Chojo etaL, 19 Polymer Bulletin, p. 613 (1988); Crivello etal., 28 Journal of Polymer Science, Part A: Polymer 
Chemistry, p. 479 (1990); Crivello et al., 30 Journal of Polymer Science, Part A: Polymer Chemistry , pp. 1-11 (1992); 
U.S. Pat. No. 4,467,082; Speier, 17 Advanced Orqanometal Chemistry, p 407 (1979); and Ojima et al., Reviews on 
Silicon, Germanium, Tin, and Lead Compounds, Vol. 5, No. 1 , pp. 7-66 (1 981 ). In general, a R r hydrogen siloxane unit, 



Si - 0 
i 



I 

- s 

i 
H 

or Rrhydrogen silane unit, 



20 *i 



- Si - 
H 

25 is dissolved in dry tetrahydrofuran (THF) and 10* 6 M of catalyst (based on siloxane or silane content) is also added. A 
C=C bond-containing reactant, preferably a vinyl-containing reactant, is dissolved in dry THF in molar proportions 
based on siloxane or silane content and added dropwise to the siloxane or silane solution, with constant stirring under 
an inert nitrogen atmosphere. Once addition is complete, stirring is continual at room temperature for two hours. The 
solution then is heated to a gentle reflux for an additional 2-30 hours (depending upon the double bond<ontaining 

30 -reactant) until disappearance of the Si-H bond as determined by infra-red spectroscopy. The solvent then is removed 
to obtain the product. It should be recognized that a dihydric siloxane or silane unit also could be used, thus permitting 
the addition of two C=C bond-containing reactants to one silicon atom. 

[0035] In the context of this invention, hydrosilylation is effected by reacting the siloxane or silane with a carbon 
double bond-containing, preferably a vinyl-containing, precursor of -L-R 3 . The carbon double-bond containing precur- 

35 sor of -L-R 3 can be formed as described in Allen and Gates, Organic Synthesis, Vol. 3, pp. 418-421; U.S. Pat, No. 
4,467,082; and U.S. Pat. No. 4,278,804, all incorporated herein by reference. In general, a compound that contains 
one of the possible R 3 groups is reacted with a vinyl-containing compound, CH 2 =CH-W-Y, where W is optional and is 
an alkyl, aryl or aralkyl and Y is any radical capable of reacting with the R 3 -containing compound. If W is present it 
preferably is an alkyl containing 1 to 6 carbon atoms, preferably 1 , or an alkyl phenylene containing 1 to 6 carbon atoms 

40 in addition to the 6 aromatic carbon atoms. Illustrative of possible radicals for Y include isocyanato, glycidyt ether, 
halogen, hydroxy, carboxyl, amino and mercapto. The vinyl-containing compound, thus, is the precursor of the linking 
group L. 

[0036] If the hydrosilylation is carried out first, a silane unit is used as the starting reactant and has a preferred 
structure of: 



A - Si - A 
H 

wherein A is a halogen such as chloride, a carboxy such as acetoxy, a hydroxy or an alkoxy. The silane unit could also 
be dihydric. When this silane unit undergoes hydrosilylation the hydrogen is replaced by the C=C bond-containing 
reactive group to form a structure of 
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A - Si - A 

5 l 

A mixture of the following silane units then undergoes hydrolysis/condensation to form the polydiorganosiloxane of 
10 formula B: 

Ri R] R3 R { 

1 rt 1 



15 



A-Si-R,, A-Si-A, L , A-Si-A 

«' fit 
Ri L A-Si-A Ri 
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20 I 
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In general, the individual silane reactants are dissolved in toluene or THF so that all the reactants together constitute 
25 about 30% by weight of the solution. Water is added and the solution is stirred for 2-6 hours at room temperature and 
at 60-70°C for another 2-6 hours. The amount of water added can vary depending upon the functionalities present and 
the rates of condensation desired. The solution is then cooled, and the solvent removed under reduced pressure and 
the resulting siioxane is isolated. This hydrolysis/condensation synthesis is described in Noll, W., Chemistry and Tech- 
nology of Silicones, pub. by Academic Press (1968). 
30 [0037] If the hydrosilyfation is performed second, a mixture of 

R, 

(R,) 3 SiA, A-Si-A, and ASifR^j 

35 1 

H 

is hydrolyzed/condensed following the above-described procedure to form a polydiorganosiloxane having a structure of 

40 

R, 

(R,) 3 SiO - <-SiO-) 0 - Si(R,) 3 
1 

H 

45 

This polydiorganosiloxane then undergoes hydrosilylation to attach the -L-R 3 groups to the silicon atoms. 
[0038] Each repeating unit can occupy any position along the backbone chain of the polydiorganosiloxane. For ex- 
ample, the backbone chain could consist of 3 x units, followed by 1 w unit, followed by 5 x units, followed by y 2 units. 
[0039] The modified polydiorganosiloxane can be reacted with a wide variety of base polymers to form a copolymer. 

50 A mixture of different modified polydiorganosiloxanes can be added to a base potymer. Any base polymer that has a 
terminal or pendant group that can react with the reactive radical R 3 of the polydiorganosiloxane to form a copolymer 
can be used in this invention. Particularly suitable types of polymers, Z, are those that include carboxyl, amino and 
hydroxy terminal or pendant groups such as polyamide, polyester, poly urea, polyimide, polycarbonate, polyether, pol- 
yarylate, polyester ether, telechelic functionalized polystyrene and telechelic functionalized polyolefin. Since the poly- 

55 olefins and polystyrenes do not include terminal groups that could react with the reactive groups R3, they must first be 
modified by known methods such as graft polymerization to include a side chain that includes a pendant group such 
as carboxyl, amino or hydroxy before they can react with the polydiorganosiloxane. The pendant group reacts with R 3 . 
[0040] A significant advantage of the invention is that it does not require the simultaneous formation of the base 
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polymer and the base polymer/polydiorganosiloxane copolymer. In other words, the repeating monomeric structure of 
the base polymer chain remains intact during formation of the copolymer of the invention. This unique feature permits 
the initial production of the base polymer and then, at a later time and/or location, the base polymer can by modified 
by reacting the polydiorganosiloxane additive with the base polymer to form the copolymer 

s [0041] The copolymer structure resulting from the reaction of the polydiorganosiloxane and the base polymer is 
represented by previously depicted formula A. According to this formula, R 2 represents the bonding structure which 
forms as a result of the copolymerization. The structure depends upon the particular base polymer and the reactive 
radical or precursor R 3 which modifies the polydiorganosiloxane that reacts with the base polymer Illustrative of the 
bonding structure between the base polymer and the polydiorganosiloxane are the following copolymers that will form 

10 with nylon as the base polymer (wherein Ny represents the repeating monomeric units of nylon): 

R 3 is an epoxy group: 

rs H*N-Ny-COOH + H,C-CH-L- - HOOC - Ny - NH - CH, - CH - L - 

\ t \ 
O OH 

KX-CH-L- * 

20 v / 

0 

HOOC-Ny-KH- ( -CHj-CH-L- ) : 

25 OH 

HJi-Ny-COOH + HX-CH-L- -* RJJ-Ny-C-0-CH.-CH-L - 

W II i 

0 0 OH 



30 



R 3 is an isocyanate group: 



36 H^-Ny-COOH + 0=C=N-L- HOOC-Ny -NH-C-NH-L- 

M 
0 

HjN-Ny-COOH + 0=C=N-L- -* HJJ-Ny-C-O-G-NH-L- 

40 |i H 

O 0 
heat * (-C0 2 ) 

45 HjN - Ny - C - NH - L - 

0 



R 3 is a blocked isocyanate: 

so 



55 
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10 



25 



30 



35 



45 



HjN-Ny-COOH + B-C-NH-L- - HOOC-Ny-NH-C-NH- L- + BH 
u (heat) // 

O 0 



HJf-Ny-COOH + B-C-NH-L- - HjN-Ny-C-O-C-NH-L- + BH 
// (heat) // // 

O 0 0 



heat i (-COj) 
HnN-Ny-C-NH-L- 

o 



'5 R 3 is an oxazoline group: 



HnN-Ny-COOH + O-C-L- - H;N-Ny-C-0-CH 3 -CH 2 -NH-C-L- 

s \\ II ;i 

20 : HC N 0 O 

\ / 
CH, 



R 3 is a carbodiimide group: 



RjN-Ny-COOH + R 4 -N=C»N-L- ■* HOOC -Ny-NH-C-NH-L- 

U 

N-R« 

H^N-Ny-COOH + R 4 -N»C=N-L- -* IWI-Ny -C-O-C-NH-L- 

ii l\ 
0 N-R 4 

heat i 

H.N-Ny-C-N-C-NH-L- 

U i u 
O R« 0 



40 R 3 is a succinic anhydride group: 



HjN-Ny-COOH + H>C - CH - L - -* HOOC-Ny-NH-C-CH.-CH-L- 

/ \ a ' i 

0=C C»0 0 COOH 

v / 
O 



R 3 is a caprolactim ether group 

so 

KJJ-Ny-COOH + N=C-0-CJi.-L- - HJI-Ny-C-O-OL-L- + NH-CH-*0 

/ \ il ' / \ 

HjC CH; O R,C CH, 

'I * \ / 

55 H;C CHj H»C-CH> 

\ ✓ 
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[0042] As can be seen from above, both the amino and carboxyl terminal groups of nylon react with the illustrated 
reactive radicals, but in some instances, such as where R3 is an oxazoline, succinic anhydride or caprolactim ether, 
the reaction with one of the terminal groups is faster than with the other terminal groups.. 

[0043] In a similar fashion, the carboxyl and hydroxy terminal group of a polyester, particularly polyethylene tereph- 
thalate, will react with the reactive radicals to form copolymers. For example, when R3 is an epoxy group the following 
copolymer is formed (wherein PE represents the repeating monomeric units of polyester) : 

H-PE-C-0-CH 2 -CH-L- 
O OH 

Likewise, the hydroxy terminal group of a polyarylate will react with the reactive radicals to form copolymers. For 
example, when R 3 is an epoxy group the following copolymer will form (wherein PA represents the repeating monomeric 
units of polyarylate): 



PA-C 6 H«-0-CH 2 -CH-L- 
OH 

In the case of polyolefins, the backbone chain must include a side chain which has pendant groups that can react with 
the reactive radicals R 3 or a telechelic polyolefin that includes terminal groups that can react with the reactive radicals 
R 3 must be used. For example, polypropylene could be copolymerized with acrylic acid to form a side chain which 
includes carboxylic acid pendant groups br polypropylene could be copolymerized with maleic anhydride to form a side 
chain which includes anhydride pendant groups. 

[0044] Particularly preferred as the base polymer are the fiber-forming polymers such as polyamide, especially nylon 
6 and nylon 66, and polyester, especially PET, PEN and PBT. When the fiber-forming polymers used to make fibrous 
structures, such as carpet or tire yarn, are modified so that a portion of the fiber-forming polymer chains are copolym- 
erized with the reactive polydiorganosiloxane, surprising processing advantages are achieved. Furthermore, by ena- 
bling the polydiorganosiloxane to be chemically anchored in the base polymer via the bonding occurring at the R3 
reactive sites, the advantageous properties conferred by the siloxane functionalities are not lost during processing or 
use. 

[0045] Typically, the amount of modified polydiorganosiloxane reacted with the base polymer is such that the number 
of reactive sites (-L-R 3 ) are lower than the number of base polymer terminal groups. Accordingly, not all of the base 
polymer chains react with a polydiorganosiloxane to form a copolymer. On the other hand, substantially all of the 
polydiorganosiloxane reacts with the base polymer. In general, about 0.05 to 95, preferably about 0.2 to 25, more 
preferably about 0.5 to 5, weight% polydiorganosiloxane is added to the base polymer, based upon the weight of the 
total mixture. If the base polymer is a polyamide or a polyester, preferably about 0.2 to 5 weight % polydiorganosiloxane 
is added. Adding an amount of polydiorganosiloxane in the lower portion of this weight % range, approximately 0.2 to 
3 weight %, will provide the processing advantages which are described in detail below. Adding an amount of poly- 
diorganosiloxane in the upper portion of this weight % range, approximately about 0.2 to 5 weight %, will provide the 
end use properties which are described in detail below. 

[0046] The base polymer can also include additives such as pigments, light stabilizers, flame retardants, optical 
brighteners, antistatic agents, surfactants and soil release agents. 

[0047] The modified polydiorganosiloxane and the base polymer are reacted together so that copolymerization or 
bonding occurs between a terminal functional group of the base polymer and the reactive radical or site of the poly- 
diorganosiloxane. Any reaction system can be used to effect the copolymerization such as solution polymerization with 
catalysts or grafting polymerization by coating a polymer substrate with a solution of the polydiorganosiloxane, but the 
preferred system is melt extrusion. The particular reaction conditions at which this copolymerization occurs vary de- 
pending upon the specific reactive groups and base polymers selected. 

[0048] It is important to recognize that the linking group, -L-, must be inert during copolymerization of the polydior- 
ganosiloxane and the base polymer. Accordingly, the linking group, -L-, cannot include any functionality which would 
react with the terminal group of the base polymer because such a reaction would result in the cleavage of the reactive 
radical, R 3) from the polydiorganosiloxane. For example, the linking group cannot include an ester linkage because an 
ester would react with the amine terminal group of polyamide base polymer or with the carboxyl terminal group of a 
polyester base polymer. 

[0049] In the case of melt extrusion, the extrusion temperature should be about 10 to 50°C, preferably 10 to 30°C, 
higher than the melting point of the base polymer. The extrusion can be carried out in either a single or twin screw 
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extruder. The polydiorganosiloxane and the base polymer can be preblended in that chips or pellets of the polydior- 
ganosiloxane and the base polymer can be mixed prior to melting. Alternatively, an on-line addition can be used in that 
the polydiorganosiloxane is added to the already molten base polymer. The following examples illustrate the process 
used to produce the copolymers of the present invention. 

£ 

Copolymerization via Reactive Extrusion - Polyamide Example 

[0050] Nylon 6 chips are dry blended with 3 weight % (based on the weight of the total mixture) of liquid polydiorga- 
nosiloxane additive C (see Table A). The resultant blend is dried at 80-1 20°C in a vacuum oven for 16 hours. The blend 
10 is cooled, tumbled again for 5 minutes and fed into a hopper of a twin screw extruder. Melt extrusion is carried out at 
250-270°C and the extrudate is pulled into strands, quenched in a water trough and pelletized. The pellets are dried 
in a vacuum oven at 80-1 20°C for 1 6 hours. After this extrusion procedure, the epoxy groups of the modified polydior- 
ganosiloxane have bonded with the terminal groups of the nylon 6 chains. 

[0051] To obtain a fiber, the pellets produced by the extrusion procedure are fed into a hopper of a twin screw extruder 
is which has a continuous nitrogen flow and re-melted. During this re-melting any unreacted polydiorganosiloxane may 
react with the nylon 6. The molten polymer leaving the extruder is fed into a metering pump, a filter pack and then 
through a spinneret. The extruding and spinning steps take place at 250-270°C.' The fiber produced from the spinneret 
is drawn and jet textured according to conventional procedures. The draw ratio is 2.8:1 . 

20 Copolymerization via Reactive Extrusion - Polyester Example 

[0052] PET chips are dry blended with 3 weight % (based on the weight of the total mixture) of liquid polydiorganosi- 
loxane additive A (see Table A). The resultant blend is dried overnight at 160°C and then extruded on a twin screw 
extruder at 290°C. The extrudate is pulled into strands, quenched in a water bath, pelletized, and dried at 160°C in a 
25 vacuum oven. After this extrusion procedure, the epoxy groups of the modified polydiorganosiloxane have bonded with 
the carboxylic acid terminal groups of the PET chains. 

[0053] To obtain a fiber, the pellets produced by the extrusion procedure are fed into a hopper of a twin screw extruder 
and re-metted at 290°C. The molten polymer leaving the extruder is fed into a metering pump, a filter pack and then 
through a 32 hole, round cross-section, spinneret. The spinning temperature is 290 °C and a heated sleeve is placed 
30 around the spinneret. The fiber produced from the spinneret is drawn at a 6:1 draw ratio. 

Evaluation - Polyamide Examples 

[0054] As mentioned previously, an important advantage associated with having a polydiorganosiloxane additive 
35 bonded to a base polymer relates to the processing of the base polymer into useful intermediate products such as 
fibers. The fibers are then constructed into end products such as carpet, tire cord or seat belts. During this subsequent 
processing of the fiber, the fiber surface frequently contacts metal surfaces causing friction which results in processing 
difficulties. Accordingly, it is desirable to reduce the fiber/metal interface friction as much as possible. The present 
invention achieves this reduction in fiber/metal friction due, in part, to the lubricity generated by the polydiorganosiloxane 
40 additive which, though securely attached to the base polymer, tends to migrate to the surface of the fiber. Because the 
polydiorganosiloxane additive is attached to the base polymer via the reactive formation of the copolymer, the poly- 
diorganosiloxane does not exude out of the fiber and, therefore, the level of lubricity is not lost during subsequent 
processing. 

[0055] Tests according to ASTM D31 08 were performed on a series of nylon 6 multifilament fiber samples to deter- 
45 mine their fiber/metal interface friction. Example 1 is a control sample of nylon 6 which does not include the polydior- 
ganosiloxane additive. In Examples 2-7, the previously described polydiorganosiloxane additives (see Table A) were 
added to nylon 6 at the loading levels indicated in Table 1 and a copolymer filament was formed according to the melt 
extrusion process set forth above. The multifilament fibers of Examples 1-7 have round cross -sect ions and comprise 
70 filaments each. The fiber sample, under a pre-tension of 40 g, was wrapped 180° around the surface of a 1/2 inch 
so diameter stainless steel rod having a surface roughness of RMS 5 and conveyed at rates of 50, 100 and 200 meters/ 
minute over the surface of the rod. The fiber/metal friction was measured on a Rothschild friction meter and the data 
is presented in Table 1 . 

[0056] This data clearly shows that the samples (Examples 2-7) which contain the polydiorganosiloxane/hylon co- 
polymer according to the present invention exhibit a much lower fiber/metal friction than the control sample (Example 
55 1 ) which has not been modified to include the copolymer. Since the fiber/metal friction is lower, the fiber-forming polymer 
will flow more freely through any subsequent fiber processing apparatus. 

[0057] To confirm that the surface of the fibers are indeed modified by the presence of the migrated polydiorganosi- 
loxane, the free fall contact angles of the nylon 6 fiber samples were measured according to the Wilhelmy method. 
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The Wilhelmy method is well known and involves introducing a single filament sample 1 into a beaker containing water 
2, withdrawing the filament 1 from the water, and measuring the angle e between the moving filament 1 and the curved, 
continuous layer or film of water 3 adhered to the surface of the filament as shown in Figure 1. The single filaments 
tested were obtained immediately after leaving the spinerette and before finish was applied. The significance of this 

5 test is that polydimethy Isiloxane alone exhibits a free fall contact angle of 1 05°; unmodified nylon 6 (Example 1 ) exhibits 
a free fall contact angle of 70°. The free fall contact angle of each of the modified nyion 6 samples (Examples 2-7) is 
at least about 75°, preferably at least about 80°. Since the free fall contact angle of the modified nylon 6 samples 
(Examples 2-7) is higher than 70°, this indicates that the polydiorganosiloxane is on the surface of the fiber and is 
driving the free fall contact angle closer to 105°. 

w [0058] To test the enhanced flow characteristics of the fiber-forming polymer, the pot pressure (the pressure differ- 
ential existing at the entrance to the filter between the metering pump and the spinneret) was measured during the 
production of the nylon 6. samples and the results are shown in Table 1 . All the samples were measured at a polymer 
throughput of 23 grams/minute. The pot pressures for the samples containing a copolymer according to the invention 
are markedly lower than for the control samples which do not include the copolymer. Since less pressure needs to be 

is applied by the metering pump to force the same amount of fiber-forming polymer through the apparatus, the friction 
between the fiber-forming polymer and the metal surfaces of the processing apparatus must be less for the samples 
containing the inventive copolymer. This apparent reduction in the viscosity of the polymer during processing is most 
likely caused by the presence of the silicon at the outer edge of the molten polymer. Operating at a lower pot pressure, 
of course, reduces the cost of manufacturing the fiber. 

20 [0059] A further surprising advantage associated with the copolymer of the invention is that it allows spun fibers to 
be drawn and/or textured without the need for application of a separate finish or with an amount of finish lower than 
that conventionally employed, which conventional amount is typically 0.8 weight % measured as the total amount of 
solids of the finish on the fiber or yarn, based on the weight of the fiber or yarn (known as "FOY"). 
[0060] By "finish" is meant a composition which is conventionally applied to fibers (or the yarns produced from the 

25 fibers) during and/or after spinning to provide various characteristics to the fiber. Finishes can be applied by a number 
of well known methods including padding (immersion in the finish solution followed by squeezing to remove the excess), 
immersion in the finish solution, passage of the fiber or yarn over rollers which are coated with the finish solution, 
spraying, printing, foam application and vapor techniques. These methods all generally involve the application of the 
finish to the fiber or yarn in a liquid state and then removal of the liquid component of the finish (which removal is 

30 referred to herein as "drying") so that only solid components of the finish remain on the fiber The drying of the finish- 
coated fiber usually is accomplished by subjecting the same to heat and/or a stream of pressurized gas such as air. 
[0061] In general, any finish composition can be used in connection with this invention. Numerous finish compositions 
are known and typical components of such compositions are described, for example, in Needles, Textile Fibers, Dyes, 
Finishes, and Processes, pp. 193-211 (Noyes Publications 1986). The finish can be oil or water-based but is usually 

35 an aqueous emulsion or solution. Particularly common are oil-in-water emulsions which include a lubricant, an antistatic 
agent and an emulsifier. The lubricant and/or antistat is included in the finish to protect the spun fiber from fusion or 
breakage by controlling the fiber/metal friction between the fiber and the subsequent processing apparatus such as 
the machine guides, rollers, draw plates and texturing elements. Examples of oil-in-water emulsion finishes are de- 
scribed in U.S. Pat. Nos. 4,859,350; 4,800,117; 4,767,646; 4,816,336; and 4,725,371, all incorporated herein by ref- 

40 erence. Another example of a possible component is a cohesive agent which can promote cohesion between the 
individual fibers to enhance the gathering of the fibers into a yarn bundle. Additional optional or auxiliary components 
include pH control agents, antioxidants, viscosity modifiers, wetting agents, bacteriocides and anticorrosive agents. 
[0062] To demonstrate that a finish is not required for a yarn made of fibers that includes a copolymer according to 
the invention, a finish was applied to control Example 8 and to inventive Examples 9-11 . The composition of the finish 

45 was 50 wt. % triglycerides of coconut oil, 40 wt. % ethoxylated castor oil and 1 0 wt. % ethoxylated phosphated alcohol. 
A finish was not applied to control Example 12 and inventive Examples 13-15. Control Examples 8 and 12 are nylon 
6 multifilament fibers (70 filaments) which do not include a polydiorganosiloxane additive. In Examples 9-11 and 13-15, 
the indicated polydiorganosiloxane additive has been copolymerized with nylon 6 to form multifilament fibers (70 fila- 
ments) according to the melt extrusion example set forth above. The fibers of Examples 8-15 have a Y-shaped cross- 
so section. Of course, the invention encompasses a fiber (or yarn) that includes the polydiorganosiloxanetoase polymer 
copolymer even though a finish has been applied to the fiber (or yarn). This data is presented simply to show that a 
finish is not necessary. 

[0063] With reference to Table 2, as expected the fiber/metal friction for the control Example 1 2 which did not include 
a finish is much higher, 1 80 g to 1 50 g, compared to the control Example 8 which did include a finish. Inventive Examples 
55 13-15 which did not include a finish, however, remarkably demonstrated fiber/metal frictions (110, 106 and 101 g, 
respectively) even lower than the 1 50 g for the finished control Example 8. In fact, the fiber/metal frictions for Examples 
13-15 are lower than those for the inventive Examples 9-11 which did include a finish. It is important to note, though, 
that the fiber/metal frictions are lower for inventive Examples 9-11 than for control Example 8, indicating that inclusion 
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of the copolymer significantly lowers the fiber/metal friction even if a finish is applied to the fibers. 
[0064] In the case where a certain amount of finish is desired, the present invention allows for the use of a smaller 
amount of finish, specifically about 0.3 or less weight % FOY, than used conventionally because of the lower fiber/ 
metal friction. One consequence of being able to produce polyamide fiber with a reduced amount of finish concerns 
5 the soiling resistance of the fiber, which is an important consideration when the polyamide fibers are used in carpet. 
To evaluate soiling, three different nylon 6 fiber carpets were prepared. 

[0065] In inventive Example 20 a masterbatch was formulated by blending 2 weight % polydiorganosiloxane additive 
C with nylon 6, drying the blend in a vacuum oven at 80°C for 16 hours, extruding the dried blend on a 2 cm (0.8 inch) 
Welding Engineers twin screw extruder, quenching the extrudate ribbons in water and pelletizing the quenched ribbons. 

10 The pellets were again dried in a vacuum oven at 80°C to less than 0.04% water content. 54 kg (120 lbs.) of these 
masterbatch pellets were blended with 441 kg (971.94 lbs.) nylon 6, 74.29 lbs. silver pigment concentrate and 15 kg 
(33.77 lbs.) flame retardant concentrate. The resulting chip blend was extruded and spun into a 50 filament fiber having 
a total denier of 1250. A finish, having the same composition as applied to Examples 8-11, was applied to this fiber, 
which was then drawn, textured and tufted into level-loop carpet. The resulting carpet was cut into 23 cm (9 inch) x 36 

is cm (14 inch) samples. 

[0066] In inventive Example 21 , the process for Example 20 was repeated except 5 weight % of polydiorganosiloxane 
additive C was added to make the masterbatch pellets. 

[0067] In comparative Example 22, fiber from nylon 6, a pigment concentrate and a flame retardant concentrate, and 
carpet containing this fiber, was made along the same lines as in Example 20 except that the polydiorganosiloxane- 

20 containing masterbatch pellets were not added. 

[0068] Soiling of the carpets was evaluated as follows: Approximately 20 g of a soil mixture is placed on loop pile 
carpets positioned on each side of each 23 cm (9 inch) x 36 cm (14 inch) carpet sample. The soil is transferred by foot 
onto the carpet samples. The carpet samples are walked on for 1700 treads which is sufficient to imbed the soil but 
not cause texture change, which would impact apparent soiling. The soil mixture is prepared by ball milling a mixture 

25 of sand (32.5 wt.%), top soil (65.0 wt.%) and mineral oil (2.5 wt.%). The soiled, samples are vacuumed (4 passes) with 
an upright beater bar vacuum prior to soiling measurements. 

[0069] The degree of soiling was determined by the color difference, represented as dE(CIELAB), between the carpet 
samples prior to soiling and the carpet samples after soiling as calculated according to ASTM D2244-85. The color of 
the carpet samples was measured according to ASTM E308-85, using a Pacific Scientific color machine, a viewing 

30 geometry of 4570°, an observer angle of 10°, a D65 lighting source and a 10nm wavelength interval. 

[0070] As shown in Table 4 and Figure 3, as the amount of finish, measured as weight % of total solids of the finish 
on the fiber ("FOY"), is decreased the soiling level of the carpet samples decreased, i.e., dE decreased. In particular, 
the soiling performance of the carpet samples made from fibers having a level of finish below the conventional level 
of about 0.8 % FOY - Example 20 having a % FOY of 0.19, Example 21 having a % FOY of 0.22, and Example 21 

35 having a % FOY of 0.24 - show superior soiling resistance. Although carpets may be made using these low finish levels 
on the conventional fibers of Example 22, unacceptable static and fiber f rictional properties would interfere substantially 
with continuous fiber-to-carpet processing. Accordingly, these conventional fibers would require additional finish re- 
sulting in inferior soiling resistance. 

[0071] The modulus, tenacity, ultimate elongation and total shrinkage data also presented in Tables 1 and 2 show 
40 that the addition of the polysiloxane does not deteriorate the physical properties of the nylon 6 base polymer. 

Evaluation - Polyester Examples 

[0072] Tests were performed to confirm that polyester copolymerized with a modified polydiorganosiloxane also 
45 would exhibit the processing advantages shown to exist with polyamide. A control sample of PET multifilament (64 
filaments) was produced and is labeled Example 16 in Table 3. In inventive Examples 17-19, the polydiorganosiloxanes 
were added to PET at the loading levels indicated in Table 3 and a multifilament copolymer fiber (64 filaments) was 
formed according to the melt extrusion process set forth above. Pot pressure and free fall contact angle tests as de- 
scribed previously were performed on Examples 16-1 9 and the results are listed in Table 3. It can be seen that the pot 
so pressure of the samples which include the PET/polydiorganosiloxane copolymer are lower than the control sample, 
thus indicating that the polydiorganosiloxane acts to reduce the polymer/metal surface friction during processing of the 
polymer. The increase in the free fall contact angle confirms that the polydiorganosiloxane has indeed migrated to the 
fiber surface. 

[0073] A further advantage of the present invention is that the presence of the copolymer assists in preventing the 
55 degradation of the molecular weight of the base polymer during processing. This feature is of particular importance 
with respect to the processing of polyester since polyester is more susceptible to molecular weight degradation. Three 
different tests were performed to confirm that the addition of a modified polydiorganosiloxane to a polyester (in this 
instance PET) assists in preventing the degradation of the molecular weight of the PET during processing. 
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[0074] The first test measured the number of free carboxyl terminal groups (in units of microequivalents/g) in Exam- 
ples 16-19 present in the polymer at three stages - the original PET base polymer chips prior to addition of the poly- 
diorganosiloxane and the first extrusion step of the process described above, the chips after the first extrusion step, 
and the polymer resulting after the second extrusion step (the free fall value). By "free carboxyl terminal groups" are 
5 meant the acid group, 

. 0 
it 

- C - OH 

10 

the concentration of can be calculated according to Pohl's Method described in Analytical Chemistry, Vol. 26, page 
1614, October 1954. In particular, the concentration is determined by dissolving the polyester in a 70/30 o-cresol/ 
chloroform mixture and titrating the solution with 0.05N KOH in methanol. The end point is determined potentiometri- 
cally. It was determined that the original PET chips had a carboxyl terminal group concentration of 20.2 meq/g. The 

is results for the concentration of carboxyl terminal groups in the extruded chips and the polymer after processing are 
shown in Table 3. As expected, the number of carboxyl terminal groups increases at each stage of the processing 
indicating the occurrence of degradation. What is . important /however, is that the amount of increase for the Examples 
17-19 which include the polydiorganosiloxane additive is significantly less compared to the control Example 16. To 
emphasize this fact, the change in carboxyl group concentration between the original PET chips and the polymer after 

20 processing (free fall) is titled ACOOH and listed in Table 3. The carboxyl terminal group concentration in the control 
Example 16 increased by 33 meq/g, but the increase for the inventive Examples 17-1 9 was less than 20 meo/g. Since 
an increase in the number of carboxyl groups reflects degradation of the PET, the degree of degradation of PET which 
includes the polydiorganosiloxane is lower than PET without the polydiorganosiloxane. 

[0075] The second test measured the intrinsic viscosity (I.V.) of Examples 16-19 at the same processing stages as 
25 in the carboxyl terminal group measurements. By the phrase "intrinsic viscosity" it is meant to describe the reduced 
viscosity of the polymer at zero concentration, which may be determined by measuring the flow times of a polymer 
solution after successive dilutions with fresh solvent, calculating the reduced viscosities, and extrapolating a plot of 
the reduced viscosities against concentration to zero concentration. The reduced viscosity is obtained from the ex- 
pression: 

30 

1 

X 

c 



where c is the concentration expressed as grams of polymer per 100 milliliter of solvent (g/dl). As used herein, the 
intrinsic viscosity was measured at 25° C, using a 60/40 mixture of phenol and tetrachloroethane as a solvent in a 

40 modified Ostwald viscometer. 

[0076] The original PET chip displayed an I.V. of 0.95 g/dl. Since a lower I.V. indicates a greater amount of polymer 
degradation, the I.V. results displayed in Table 3 further confirm that the copolymer of the invention helps to offset 
polymer degradation during processing. Again, the difference between the I.V. of the original PET chip and the free 
fall I.V of the polymer after the second extrusion step (titled AI.V. in Table 3) is significantly less for the inventive 

45 Examples 17-19 compared to control Example 16. 

[0077] A third test was performed according to ASTM D3835 to measure the melt viscosities of a control PET sample 
(Example 20) and three inventive samples (Examples 21-23). 3 weight % polydiorganosiloxane A was reacted with 
PET in Example 21, 3 weight % polydiorganosiloxane B was reacted with PET in Example 22, and 1 weight % poly- 
diorganosiloxane B was reacted with PET in Example 23. The results of these measurement are graphically depicted 

50 jn Figure 2. The inventive samples clearly exhibited a lower melt viscosity. Indeed, the control sample Example 20 has 
a melt viscosity around 5000 poise in contrast to the melt viscosities of the inventive samples, all of which are below 
4000 poise. A reduction in melt viscosity is an advantageous processing aid because it allows for the possibility of 
spinning at a lower temperature with a reduced tendency towards degradation. 

[0078] It is presumed that a primary reason why the copolymer of the invention counteracts degradation of the base 
55 polymer during processing is the "chain extension" effect caused by the reaction of the base polymer with the poly- 
diorganosiloxane. When the base polymer reacts with the polydiorganosiloxane a comb polymer structure is formed 
wherein the polydiorganosiloxane chain serves as a connector for a plurality of the base polymers chains. This structure 
allows the connected base polymer chains to act as essentially one chain and give the appearance of an increase in 



35 



Flow time of polymer solution 
Flow time of solvent 
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the molecular weight of the base polymer. 

[0079] From the foregoing description, one skilled in the art can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and scope thereof, can make various changes and modifications of the 
invention to adapt it to various usages and conditions. 



TABLE 1 -NYLON 6 (ROUND CROSS -SECTION) 


Example 


Additive 


Weight 


Pot. 

Temp. 
o C 


Pot 

Press lO^Pa 

(psi) 


Free 

Fall 

Contact 

Angle 

(H.O- 0 ) 


1 (control) 




0 


261 


169 (2450) 


70 


2 


A 


2 


261 


132(1915) 


81 


3 


B 


1 


264 


136(1970) 


81 


4 


B 


2 


261 


73(1060) 


80 


5 


B 


3 


261 


116(1960) 


80 


6 


C 


1 


261 


154(2240) 


77 


7 


C 


2 


261 


145 (2100) 


87 



30 



TABLE 1- NYLON 6 (ROUND CROSS -SECTION) (coat.) 


Exanple 


Denier 


Modu- 
lus 
fa/dl 


Tenacity 


Ultimate 
Elonga. 


Total 
Shrink. 
(HI 


Fiber/Me taJ 
Friction 
(maim) 


1 (control) 


1480 


8.02 


2.4 


63.4 


9.1 


250 


2 


1436 . 


7.79 


2.9 


85.5 


7.7 


109 


3 


1475 


8.2 


2.4 


79.7 


8.9 


108 


4 


1429 


8.14 


3.0 


79.8 


6.7 


106 


5 


1450 


8.00 


2.9 


80.9 


7.3 


98 


6 


1431 


7.18 


2.7 


78.0 


9.1 


97 


7 


1399 


8.16 


2.7 


75.4 


9.3 


96 



55 
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TABLE 2 NYLON 6 Y CROSS -SECTION 


Exairole 


Additive 
(3 wt.%) 


Finish 
On Yarn 
(wt.%) 


Pot. 
Temp . 
°C 


Pot 

pypqo 1 05Pi 
rL eaa l\J I a. 

(psi) • 


Free 
Fall 
Contact 
An^le 

(H>0-°) 


8 (control) 


- 


0.95 


248 


1 176(2560) 


70 


9 


A 


1.05 


247 


147 (2130) 


80 


10 


B 


1.14 


247 


143(2080) 


81 


11 


C 


1-13 


250 


116(1690) 


87 


12 (control) 






250 


172 (2490) . 


70 


13 


A 




247 


149(2160) 


80 


14 


B 




250 


134(1950) 


81 


15 


C 




248 


114(1650) 


87 



T, 


HBLE 2 -NYLON 6 (Y CROSS -SECTION) (coat.) 


Exarole 


Denier 


Modulus 


Tenacity 
fgrtl) ... 


Ultimate 
Elonoatioi 

( %*) 


Ttotal 
i Shrink. 
(%) 


Fiber/Me ta: 
Friction 
(grams) 


8 (control) 


1110 


5.56 


2.3 


95.6 


7.3 


150 


9 


1097 


5.22 


2.2 


87.4 


9.2 


130 


10 


1074 


6.17 


2.3 


96.5 


8.7 


124 


11 


1073 


5.12 


2.0 


98.9 


7.7 


124 


12 (control) 












180 


13 


1017 


6.96 


2.5 


88.7 


6.9 


110 


14 


1005 


6.37 


2.7 


82.2 


6.8 


106 


15 


1035 


5.53 


2.4 


95.7 


6.3 


101 
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10 



15 



Example 
16 

{ control ) 

17 

18 

19 



TABLE 3 - PET 

Free Tall 
Pot. Pot ?r 10 5 Pa Contact 

Additive wt V Denier Temp.(°c) (psiJ Angle (•) 



B 
A 

C 



586 

584 
707 
602 



290 



196(2850) 



290 173(2510) 
290 67(970) 
290 85(1240) 



77.2 

84.9 
83.1 
86.0 



20 



2$ 



30 



40 



Example 

16 

(control) 

17 

18 

19 



TABLE 3 - PET (cont.) 



Chip Chip 
I.V. (-COOH) 



Free 
Fall 
I.v. 



0.879 26.98 0.588 

1.047 12.92 0.701 

0.791 22.70 0.639 

0.822 21.04 0.707 



Free 
Fall 
[-COOH] 

53.2 



Al.V. 

0.362 



31.38 0.249 
38.37 0.311 
31.76 0.243 



aI-COOHI 
33 

11.18 
18.17 
11.56 



45 



SO 



55 



TABLE 4 





% FOY 


SOILING dE 


% ADDITIVE C 


EXAMPLE 20 


.19 


5.30 


0.2 




.91 


8.57 


0.2 




.95 


8.38 


0.2 


EXAMPLE 21 


.22 


5.18 


0.5 




.24 


5.49 


0.5 




.84 


8.23 


0.5 




.94 


9.49 


0.5 



20 



EP 0 703 938 B1 



TABLE 4 (continued) 





% FOY 


SOILING dE 


% ADDITIVE C 


EXAMPLE 22 


.43 


7.09 


0 




.59 


7.39 


0 




.80 


8.57 


0 




.87 


8.13 


0 



Claims 

1. A copolymer of a polydiorganosiloxane and a base polymer comprising a structure represented by the following 
formula A: 







Z 

i 








R 2 




Ri R, 
I l 


Ri 
l 


i ■ 
L 


R. 


Si-O (-Si-O-) , 


-(-Si-0-) v - 

I 


(-Si-O-) „ 


i 

-Si-R 


R. R, 


L 

I 


l 

L 


I 

R. 




R: 
I 


i 

R 2 
i 






Z 


z 





(A) 

wherein each of 

is the same or different and is selected from the group consisting of alkyl, aryl, cycloalkyl, aralkyl, fluoroalkyl, 
perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl 
ether and perfluoroaryl ether; 

L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 
fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaralkylene, perfluoroaralkylene, 
alkylene ether, arylene ether perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, amino arylene, 
amino cycloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluoroarylene, 
amino perfluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido arylene, 
amido cycloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluoroarylene, 
amido perfluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto arylene, keto 
cycloalkylene, keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, keto perfluor- 
oarylene, keto fluoroaralkylene and keto perfluoroaralkylene; 

Z is a base polymer chain attached to R 2 through a terminal or a pendant functional group selected from 
carboxyl, amino and hydroxy! groups; 

R 2 is a bonding group derived from a precursor selected from the group consisting of epoxy, isocyanate, 

blocked isocyanate, oxazoline, carbodimide, anhydride and caprolactim ether; 

x is 0 to 2000; 

y is 2 to 20; 

w is 0 to 20, and the 
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Z 

i 

i 

R, L 

)*- , -(- Si - 0 -)y- ,and-(- Si - 0 - )*- 

' i 

L L 

i i 

R> R2 
i i 

Z Z 

units of formula A are arranged in a random or a block structure. 

A copolymer of a polydiorganosiloxane and a base polymer comprising a structure represented by the formula A 
defined in claim 1 wherein R v L, Z, R 2 and x are defined in Claim 1, y is 0 to 20. w is 1 to 20 and the units of 
formula A are arranged as defined in claim 1 . 

A copolymer according to claim 1 or claim 2 wherein R2 is selected from the group consisting of epoxy, blocked 
isocyanate and anhydride. 

A copolymer according to claim 1 or claim 2 wherein Z is selected from the group consisting of polyamide, polyester, 
potyurea, polyimide, polycarbonate, polyether, polyarylate, polyolefin, polyether ester, telechelic f unctionalised pol- 
ystyrene and telechelic functionalised polyolefin. 

A polydiorganosiloxane-modified base polymer comprising a plurality of polymer chains having a terminal or a 
pendant functional group selected from carboxyl, amino and hydroxyl groups, wherein at least one of the polymer 
chains forms a copolymer with a polydiorganosiloxane, the polydiorganosiloxane having a structure represented 
by the formula B: 

R3 

I 

Ri Ri Ri L Ri 

1 i t 1 i 

R,-Si-0- (-Si-0-) x - (-Si-0-) y - (-Si-0-) w-Si-Ri 
ti 1 I 1 

Ri R| L L R] 

11 

R3 R3 

(B) 

wherein each of 

R 1 is the same or different and is selected from the group consisting of alkyl, cycloalkyl, aryl, aralkyl, fluoroalkyl, 
perfluoroalkyl, fluoroaryl, perfluoroaryl, fluoroaralkyl, perfluoroaralkyl, alkyl ether, aryl ether, perfluoroalkyl 
ether and perfluoroaryl ether; 

L is a divalent linking radical selected from the group consisting of alkylene, arylene, cycloalkylene, aralkylene, 
fluoroalkylene, perfluoroalkylene, fluoroarylene, perfluoroarylene, fluoroaratkylene, perfluoroaralkylene, 
alkylene ether, arylene ether, perfluoroalkylene ether, perfluoroaralkylene ether, amino alkylene, amino 
arylene, amino cycloalkylene, amino aralkylene, amino fluoroalkylene, amino perfluoroalkylene, amino fluor- 
oarylene, amino perfluoroarylene, amino fluoroaralkylene, amino perfluoroaralkylene, amido alkylene, amido 
arylene, amido cycloalkylene, amido aralkylene, amido fluoroalkylene, amido perfluoroalkylene, amido fluor- 
oarylene, amido perfluoroarylene, amido fluoroaralkylene, amido perfluoroaralkylene, keto alkylene, keto 
arylene, keto cycloalkylene, keto aralkylene, keto fluoroalkylene, keto perfluoroalkylene, keto fluoroarylene, 



(- Si - 0 
I 

Ri 
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keto perfluoroalkylene, keto fluoroaralkylene and keto perfluoroaralkylene; 

R 3 is a radical selected from the group consisting of epoxy, isocyanate, blocked isocyanate, oxazoline, car- 
bodimide, anhydride and caprolactim ether; 
x is 0 to 2000; 
s y is 2 to 20; 

w is 0 to 20; and the 



'0 R 3 

R, R, l 



15 



20 



55 



(- Si - 0 -)«-,-(- Si -0 -)y . an d - (- Si - 0 -) , 
' 1 ■ . i 

Ri L L 



i 



i 



R 3 R 3 



units of formula B are arranged in a random or a block structure. 

6. A polydiorganosiloxane-modified base polymer comprising a plurality of polymer chains having a terminal or a 
pendant functional group selected from carboxyl, amino and hydroxy I groups, wherein at least one of the polymer 

25 chains forms a copolymer with a polydiorganosiloxane, the polydiorganosiloxane having a structure represented 

by the formula B defined in claim 5, wherein R, L, Z, R 3 and x are defined in claim 1 , y is 0 to 20, w is 1 to 20, and 
the units of formula B are arranged as defined in claim 5. 

7. A polydiorganosiloxane-modified base polymer according to claim 5 or claim 6 wherein the polymer chains com- 
30 prise a polyamide or a polyester. 

8. A polydiorganosiloxane-modified base polymer according to claim 5 or claim 6, wherein the base polymer is in the 
form of a polymeric fibrous structure. 

35 9. A process for modifying a base polymer by incorporating a polydiorganosiloxane into a base polymer comprising 
the steps of: 

(a) contacting a base polymer having a terminal or a pendant functional group selected from carboxyl, amino 
and hydroxyl groups with a polydiorganosiloxane having a structure as defined in claim 5 or claim 6; and 
40 (b) subjecting the resultant base polymer/polydiorganosiloxane combination to a reactive condition so that a 

chemical bond forms between the terminal or pendant functional group of the base polymer and R3 of the 
polydiorganosi loxane. 

10. A process for forming a polydiorganosiloxane-modified polymeric fibrous structure comprising a plurality of polymer 
45 chains, the process comprising the steps of: 

(a) mixing a plurality of base polymer chains, each chain having at least one terminal or pendant functional 
groups selected from a carboxyl, amino and hydroxyl groups, with a polydiorganosiloxane having a structure 
as defined in claim 5 or claim 6; 
so (b) melt extruding the resultant mixture to form a fibrous structure and chemically bond R3 and the terminal 

or pendant functional group of at least one of the base polymer chains. 

11. A process according to claim 10, wherein step (b) comprises a first melt extrusion of the resultant mixture to form 
pellets and a second melt extrusion of the pellets to form the fibrous structure. 



12. A process according to claim 10, wherein the base polymer chains are selected from the group consisting of 
polyamide and polyester. 
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Patentansprucho 

1. Copolymer aus einem Polydiorganosiloxan und einem Grundpolymer mit einer Struktur entsprechend der nach- 
stehenden Forme! A: 







z 

1 












R. Ri 

I i 




i 

L 


R. 


Si-0 (-Si-O-) . 
I • 


-(-Si-0-) r - 

i 


.(-Si-O-)- 


i 

- Si-R, 


R. R. 


L 
i 


i 

L 


I 

R. 




R 2 

i 


i 

R 2 
i 

Z 






z 





(A) 



worin 



R 1 jeweils gleich oder verschieden ist und Afkyl, Aryl, Cycloalkyl, Aralkyl, Fluoralkyl, Perfluoralkyl, Fluoraryl, 
Perfluoraryl, Fluoraralkyl, Perfluoraralkyl, Alkylether, Arylether, Perfluoralkylether und Perftuorarylether be- 
deutet, 

Lfur ein zweiwertiges Verbruckungsglied der Bedeutungen Alkylen, Arylen, Cycloalkyten, Aralkylen, Fluoral- 
kylen, Perfluoralkylen, Fluorarylen, Perfluorarylen, Fluoraralkylen, Perfluoraralkylen, Alkylenether, Arylene- 
ther, Perfluoralkylenether, Perfluoraralkylenether, Aminoalkylen, Aminoarylen, Aminocycloalkylen, Aminoaral- 
kylen, Aminofluoralkylen, Aminoperfluoralkylen, Aminofluorarylen, Aminoperfluorarylen, Aminofluoraralkylen, 
Aminoperfluoraralkylen, Amidoalkylen, Amidoarylen, Amidocycloalkylen, Amidoaralkylen, Amidofluoralkylen, 
Amidoperfluoralkylen, Amidofluorarylen, Amidoperfluorarylen, Amidofluoraralkylen, Amidoperfluoraralkylen, 
Ketoalkyien, Ketoarylen, Ketocycloalkylen, Ketoaratkylen, Ketofluoralkylen, Ketoperfluoralkylen, Ketofluora : 
rylen, Ketoperfluorarylen, Ketofluoraralkylen und Ketoperfluoraralkylen steht, 

2 eine Ober eine end- oder seitenstandige lunktionelle Gruppe aus der Reihe der Carboxyl-, Amino- und Hy- 
droxylgruppen an R 2 gebundene Grundpolymerkette bedeutet, 

R 2 fur ein aus einem Vorlaufer aus der Reihe Epoxy, Isocyanat, maskiertes Isocyanat, Oxazolin, Carbodimid, 
Anhydrid und Caprolactimether abgeleitetes Verbindungsglied steht, 
x fur 0 bis 2000, 
y fur 2 bis 20 und 

w fur 0 bis 20 stehen sowie die Einheiten 
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z 

i 

i 

L 

i 



10 



IS 



(- Si - 0 -)«- . -(- S» - 0 -)y- und - (- Si - 0 -) 

R, L L 

i i 

i i 

z z 



der Formel A statistisch oder blockformig angeordnet sind. 

20 2. Copolymer aus einem Polydiorganosiloxan und einem Grundpolymer mit einer Struktur entsprechend der Formel 
A gemaG dem Anspruch 1, worin R v L, Z, R 2 und x die in Anspruch 1 genannte Bedeutung haben, y fur 0 bis 20 
und w fOr 1 bis 20 stehen sowie die Einheiten der Formel A wie in Anspruch 1 definiert angeordnet sind. 

3. Copolymer nach Anspruch 1 oder Anspruch 2, worin R 2 unter Epoxy, maskiertem Isocyanat und Anhydrid ausge- 
2S wahlt ist. 

4. Copolymer nach Anspruch 1 oder Anspruch 2, worin Z unter Polyamid, Polyester, Polyharnstoff, Polyimid, Poly- 
carbonat, Polyether, Polyarylat, Polyolefin, Polyetherester, telechel funktionalisiertem Polystyrol und telechel funk- 
tionalisiertem Polyolefin ausgewahlt ist. 

30 , 

5. Mit Polydiorganosiloxan modifiziertes Grundpolymer aus mehreren Polymerketten mit einer unter Carboxyh Ami- 
no- und Hydroxylgruppen ausgewahlten end- oder seitenstandigen f unktionellen Gruppe, worin mindestens eine 
der Polymerketten mit einem Polydiorganosiloxan ein Copolymer bildet, wobei das Polydiorganosiloxan eine Struk- 
tur entsprechend der Formel B: 

35 



-Si-0- 
I 

Ri 



45 



R. 



R. 



(-Si-0-),- (-Si-0-) y - 

Ri L 
i 

Ri 

(B) 



L 

r 



Ri 



(-Si-0-) »-Si-Ri 



i 

R. 



Rj 



aufweist, worin 

50 

Rt jeweils gleich oder verschieden ist und Alkyl, Cycloalkyl, Aryl, Aralkyl, Fluoralkyl, Perfluoralkyl, Fluoraryl, 
Perfluoraryl, Fluoraralkyl, Perfluoraralkyl, Alkylether, Arylether, Perfluoralkylether und Perfluorarylether be- 
deutet, 

L fur ein zweiwertiges Verbruckungsglied der Bedeutungen Alkylen, Arylen, Cycloalkylen, Aralkylen, Fluoral- 
55 kylen, Perfluoralkylen, Fluorarylen, Perfluorarylen, Fluoraralkylen, Perfluoraralkylen, Alkylenether, Arylene- 

ther, Perfluoralkylenether, Perfluoraralkylen ether, Aminoalkylen, Aminoarylen r Aminocycloalkylen, Aminoaral- 
kylen, Aminofluoralkylen, Aminoperfluoralkylen, Aminofluorarylen, Aminoperfluorarylen, Aminofluoraralkylen, 
Aminoperfluoraralkylen, Amidoalkylen, Amidoarylen, Amidocycloalkylen, Amidoaralkylen, Amidofluoralkylen, 
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Amidoperfluoralkylen, Amidofluorarylen, Amidoperfluorarylen, Amidofluoraralkylen, Amidoperfluoraralkylen, 
Ketoalkylen, Ketoarylen, Ketocycloalkyten, Ketoaralkylen, Ketofluoralkylen, Ketoperfluoralkylen, Ketofluora- 
rylen, Ketoperfluorarylen, Ketofluoraralkylen und Ketoperfluoraralkylen steht, 

R 3 fur einen Rest aus der Reihe Epoxy, Isocyanat, maskiertes Isocyanat, Oxazolin, Carbodimid, Anhydrid und 
5 Caprolactimether steht; 

x fur 0 bis 2000, 
y fur 2 bis 20 und 

w fur 0 bis 20 stehen sowie die Einheiten 



10 



15 



Ri 
i 

(- Si . 0 -),- 

I 

R. 



I 



Rj 



I 



(- Si - 0 -) r und - (- Si 
L 



0 



i 

L 

i 

Rj 



20 der Formel B statistisch oder blockformig angeordnet sind. 

6. Mit Polydiorganosiloxan modifiziertes Grundpolymer aus mehreren Polymerketten mit einer unter Carboxyl-, Ami- 
no- und Hydroxylgruppen ausgewahlten end- oder seitenstandigen funktionellen Gruppe, worin mindestens eine 
der Polymerketten mit einem Polydiorganosiloxan ein Copolymer bildet, wobei das Polydiorganosiloxan eine Struk- 
25 tur entsprechend der Formel B gemaG Anspruch 5 aufweist, worin R, L, Z, R 3 und x die in Anspruch 1 genannte 

Bedeutung haben, y fur 0 bis 20 und w fur 1 bis 20 stehen und die Einheiten der Formel B wie in Anspruch 5 
definiert angeordnet sind. 



7. Mit Polydiorganosiloxan modifiziertes Grundpolymer nach Anspruch 5 oder Anspruch 6, worin es sich bei den 
30 Polymerketten urn ein Poiyamid oder einen Polyester handelt. 

8. Mit Polydiorganosiloxan modifiziertes Grundpolymer nach Anspruch 5 oder Anspruch 6, wobei das Grundpolymer 
in Form eines polymeren Fasergebildes vorliegt. 

35 9. Verfahren zur Modifizierung eines Grundpolymers durch Einbau eines Polydiorganosiloxans in ein Grundpolymer, 
bei dem man: 

(a) ein Grundpolymer mit einer end- oder seitenstandigen funktionellen Gruppe aus der Reihe der Carboxyl-, 
Amino- und Hydroxylgruppen mit einem Polydiorganosiloxan mit einer Struktur gema(3 Anspruch 5 oder An- 

40 spruch 6 in Beruhrung bringt und 

(b) die dabei entstehende Kombination Grundpolymer/Polydiorganosiloxan unter Bildung einer chemischen 
Bindung zwischen der end- oder seitenstandigen funktionellen Gruppe des Grundpolymers und dem Rest R3 
des Polydiorganosiloxans umsetzt. 

45 10. Verfahren zur Herstellung eines mit Polydiorganosiloxan modifizierten polymeren Fasergebildes aus mehreren 
Polymerketten, bei dem man: 

(a) mehrere jeweils mindestens eine end- oder seitenstandige funktionelle Gruppe aus der Reihe der Car- 
boxyl-, Amino- und Hydroxylgruppen tragende Grundpolymerketten mit einem Polydiorganosiloxan mit einer 

so Struktur gemaG Anspruch 5 oder Anspruch 6 mischt und 

(b) das erhaltene Gemisch aus der Schmelze zu einem Fasergebilde ausformt, wobei sich der Rest R3 und 
die end- oder seitenstandige funktionelle Gruppe mindestens einer der Grundpolymerketten chemisch ver- 
binden. 

55 11. Verfahren nach Anspruch 10, bei dem man im Schrrtt (b) das erhaltene Gemisch bei einer ersten Extrusion aus 
der Schmelze zu Granulat und bei einer zweiten Extrusion aus der Schmelze das Granulat zum Fasergebilde 
ausformt. 
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12. Verfahren nach Anspruch 10, bei dem man die Grundpolymerketten unter Polyamid und Polyester auswahlt. 



Revendications 

1. Copolymere d'un polydiorganosiloxane et d'un polymere de base comprenant une structure representee par la 
formule A suivante : 

z 

i 

R: 

Ri Ri Rj L Ri 

i » i i i 

R,-Si-0 (-Si-0-) „ - (-Si-O-) y - (-Si-O-0 . - Si-R, 
I i i i I 

Ri Ri L L R| 

l i 

Rj R 2 
i i 

z z 

(A) 



dans laquelle chaque 

R 1 est identique ou different et est selectionne dans le groupe constitue d'alkyle, d'aryle, de cycloalkyle, 
d'arylalkyle, de fluoroalkyle, de perfluoroalkyle, de fluoroaryle, de perfluoroaryle, de fluoroarylkyle, de perfluo- 
roarylkyle, d'ether d'alkyle, d'ether d'aryle, d'ether de perfluoroalkyle et d'ether de perfluoroaryle; 
L est un radical de liaison divalent selectionne dans le groupe constitue d'alkylene, d'arylene, de cycloalkylene, 
d'arylalkylene, de fluoroalkylene, de perfluoroalkylene, de fluoroarylene, de perfluoroarylene, de fluoroarylalk- 
ylene, de perfluoroarylalkylene, d'ether d'alkylene, d'ether d'arylene, d'ether de perfluoroalkylene, d'6ther de 
perfluoroarylalkylene, d'alkylene amine\ d'arylene amine, de cycloalkylene amine\ d'arylalkylene amin6 t de 
fluoroalkylene amine, de perfluoroalkylene amine, de fluoroarylene am in 6, de perfluoroarylene amine\ de fluo- 
roarylalkylene amin6, de perfluoroarylalkylene amine, d'amide d'alkylene, d'amide d'arylene, d'amide de cy- 
cloalkylene, d'amide d'arylalkylene, d'amide de fluoroalkylene, d'amide de perfluoroalkylene, d'amide de fluo- 
roarylene, d'amide de perfluoroarylene, d'amide de fluoroarylalkylene, d'amide de perfluoroarylalkylene, de 
c6toalkylene, de cetoarylene, de c6tocycloalkylene, de cetoarylalkylene, de c6tofluoroalkylene, de c6toper- 
fluoroalkylene, de cetofluoroarylene, de cetoperfluoroarylene, de cetofluoroarylalkylene, et de cetoperfluoroa- 
rylalkylene; 

Z est une chaine de polymere de base attach 6e au R 2 au moyen d'un groupement fonctionnel terminal ou 
pendant selectionne* parmi des groupements carboxyle, amine et hydroxy le; 

R 2 est un groupement de liaison derive d'un pr6curseur selectionne dans le groupe constitue d'epoxy, d'iso- 

cyanate, d'isocyanate bloqu6, d'oxazoline, de carbodiimide, d'anhydride et d'6ther de caprolactime; 

x est 0 a 2000; 

y est 2 a 20; 

w est 0 a 20, et les 
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unites de formule A sont arranges en une structure en blocs ou aleatoire. 

Copolymere d'un polydiorganosiloxane et d'un polymere de base comprenant une structure representee par la 
formule A dtfinie dans la revendication 1, dans laquelle R 1( L, Z, R 2 et x sont ddfinis dans la revendication 1, y 
est 0 a 20, w est 1 a 20 et les unites de formule A sont arrangers comme ddfini dans la revendication 1 . 

Copolymere suivant la revendication 1 ou la revendication 2, dans lequel est s6lectionne* dans le groupe cons- 
titu6 d'6poxy, d'isocyanate bloque et d'anhydride. 

Copolymere suivant la revendication 1 ou la revendication 2, dans lequel Z est selectionnd dans le groupe constitue 
de polyamide, de polyester, de polyuree, de polyimide, de polycarbonate, de poly&her, de polyarylate, de polyo- 
I6fine, de poly6therester, de polystyrene a f onctionnalte t6!6ch6lique et de polyol6fine a fonctionnalite t6l6ch6lique. 

Polymere de base modifie par un polydiorganosiloxane comprenant une plurality de chaines polymeres ayant un 
groupement fonctionnel terminal ou pendant selectionne* parmi des groupements carboxyle, amin6 et hydroxyle, 
dans lequel au moins une des chaines polymeres forme un copolymere avec un polydiorganosiloxane, le poly- 
diorganosiloxane ayant une structure representee par la formule B : 




dans laquelle chaque 

Rt est identique ou different et est s^lectionne dans le groupe constitu6 d'alkyle, de cycloalkyle, d'aryle, 
d'arylalkyle, de fluoroalkyle, de perfluoroalkyle, de fluoroaryle, de perfluoroaryle, de fluoroarylalkyle, de per- 
fluoroarylalkyle, d'6ther d'alkyle, d'Sther d'aryle, dither de perfluoroalkyle et d'Sther de perfluoroaryle; 
L est un radical de liaison divalent sdlectionne dans le groupe constitue" d'alkylene, d'arylene, de cycloalkylene, 
d'arylalkylene, de fluoroalkyldne, de perfluoroalkylene, de fluoroarylene, de perfluoroarylene, de fluoroarylalk- 
ylene, de perfluoroarylalkylene, d'6ther d'alkylene, d'6ther d'arylene, d'6ther de perfluoroalkylene, d'6ther de 
perfluoroarylalkylene, d'alkylene aminS, d'arylene amine\ de cycloalkylene amind, d'arylalkylene amin6, de 
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fluoroalkylene amine\ de perfluoroalkylene amine\ de fluoroarylene amin6, de perfluoroarylene amine\ defluo- 
roarylalkylene amine, de perfluoroarylalkylene amin6, d'amide d'alkylene, d'amide d'arylene, d'amide de cy- 
cloalkylene, d'amide d'arylalkylene, d'amide de fluoroalkylene, d'amide de perfluoroalkylene, d'amide de fluo- 
roarylene, d'amide de perfluoroarylene, d'amide de fluoroarylalkylene, d'amide de perfluoroarylalkylene, de 
5 c6toalkylene, de c6toarylene, de c6tocycloalkylene, de c6toarylalkylene, de cetofluoroalkylene, de c6toper- 

fluoroalkylene, de c6tofluoroarylene, de c6toperfluoroalkylene, de celofluoroarylalkylene, et de c6toperfluo- 
roarylalkylene; 

R 3 est un radical s6lectionne* dans le groupe constitu6 d'6poxy, d'isocyanate, d'isocyanate bloque\ d'oxazoline, 
de carbodiimide, d'anhydride et d'6ther de caprolactime; 
w x est 0 a 2000; 

y est 2 a 20; 

w est 0 a 20, et les 
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unites de formule B sont arrangers en une structure en blocs ou al6atoire. 

6. Polymere de base modifid par un polydiorganosiloxane comprenant une pluralite de chaines polymeres ayant un 
30 groupement fonctionnel terminal ou pendant selectionne parmi des groupements carboxyle, amine et hydroxyle, 

dans lequel au moins une des chaines polymeres forme un copolymere avec un polydiorganosiloxane, le poly- 
diorganosiloxane ayant une structure repr6sentee par la formule B definie dans la revendication 5, dans laquelle 
R, L, Z, R 3 et x sont ddfinis dans la revendication 1, y est 0 a 20, w est 1 a 20, et les unites de formule B sont 
arrangees comme defini dans la revendication 5. 

35 

7. Polymere de base modifiS par un polydiorganosiloxane suivant la revendication 5 ou la revendication 6, dans 
lequel les chaines polymeres comprennent un polyamide ou un polyester. 

8. Polymere de base modifi6 par un polydiorganosiloxane suivant la revendication 5 ou la revendication 6, dans 
40 lequel le polymere de base est sous la forme d'une structure polymere fibreuse. 

9. Procede pour modifier un polymere de base en incorporant un polydiorganosiloxane dans un polymere de base 
comprenant les stapes consistant a: 

45 (a) mettre en contact un polymere de base ayant un groupement fonctionnel terminal ou pendant s6lectionn6 

parmi des groupements carboxyle, amine" et hydroxyle avec un polydiorganosiloxane ayant une structure telle 
que definie dans la revendication 5 ou la revendication 6, et 

(b) soumettre la combinaison obtenue de polymere de base/polydiorganosiloxane a une condition reactive de 
sorte qu'une liaison chimique se forme entre le groupement fonctionnel terminal ou pendant du polymere de 
so base et R 3 du polydiorganosiloxane. 

10. Proc6de pour la formation d'une structure polymere fibreuse modifiee par un polydiorganosiloxane comprenant 
une plurality de chaTnes polymeres, le procede comprenant les etapes consistant a : 

55 (a) m6langer une pluralite de chaines de polymere de base, chaque chaTne ayant au moins un groupement 

fonctionnel terminal ou pendant s6lectionn6 parmi des groupements carboxyle, amin6 et hydroxyle, avec un 
polydiorganosiloxane ayant une structure telle que definie dans la revendication 5 ou la revendication 6; 
(b) extruder en fusion le melange obtenu pour former une structure fibreuse et lier chimiquement R3 et le 
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groupement fonctionnel terminal ou pendant d'au moins une des chaines de polymere de base. 

11 . Procedd suivant la revendication 10, dans lequel I'&ape (b)comprend une premiere extrusion en fusion du melange 
obtenu pour former des pastilles et une deuxieme extrusion en fusion des pastilles pour former la structure fibreuse, 

12. Proced6 suivant la revendication 10, dans lequel les chaines de polymere de base sont s6lectionn6es dans le 
groupe constitue de polyamide et de polyester. 



30 



EP 0 703 938 B1 



CM 



o 

© > 
occ 
<J> < 

CVJ_j 
< CL 

oog 
o 

2T 
UJ 



m 



CD 



UJ 

o 



UJ 
< 

< 

UJ 

x 

CO 



2 uj 

< 2 UJ 

° ^ !5 

COg 

O w 
UJK X 

q < a: 




• o < ^ 



CO 
CO 



o 

CVJ 



CO 



CO 

- s cvj 

UJ — 



--co 



--to 



o o 
o o 
o o 



o o 
o o 
o o 



o 
o 
o 



o 
o 
o 

CJ 



o 
o 
o 



(3SI0d) AilSOOSIA 



32 



